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ANNOTATION 


T h i s  c o l l e c t i o n  r e p o r t s  f o r  t h e  most p a r t  on work done by 
t h e  s t a f f  of t h e  Ionosphere  S e c t o r  of  t h e  Academy of  Sc iences  o f  
t h e  Kazakh SSR d u r i n g  1964-1967.  

The a r t i c l e s  examine d a t a  from i o n o s p h e r i c  s t u d i e s  made i n  
Kazakhstan d u r i n g  the  I n t e r n a t i o n a l  Q u i e t  Sun Year (IQSY) and 
d e s c r i b e  equipment developed by t h e  S e c t o r  f o r  s tudy  of  t h e  
mechanism o f  i o n o s p h e r i  c radio-wave p ropaga t ion  and i n t r o d u c t i o n  
o f  au tomat ion  and computer e lements  i n t o  a n a l y s i s  o f  t h e  e x p e r i 
menta l  i n f o r m a t i o n .  

A new method i s  proposed f o r  a n a l y s i s  o f  cosmic-ray v a r i a 
t i o n  d a t a .  
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UDC 550-388.2 NASA TT F-688 

T H E  S T A T E  O F  T H E  I O N O S P H E R E  A B O V E  A L M A - A T A  /3* 

M.P. Rudina and N.F. S o l o n i t s y n a  

ABSTRACT: The p a p e r  d e s c r i b e s  t h e  b a s i c  p a t t e r n s
observed  i n  t h e  b e h a v i o r  of t h e  c r i t i c a l  f r e q u e n c i e s  
( f o )  and minimum e f f e c t i v e  ( v i r t u a l )  h e i g h t s  ( h ' )
o f  t h e  i o n o s p h e r e ' s  r e f l e c t i n g  E ,  F1 ,  and F2 l a y e r s
accord ing  t o  i o n o s p h e r i c - r e c o r d e r  measurements o f  
f o  = $(h') over  t h e  p e r i o d  from 1 9 4 3  t o  1 9 6 7 .  The 
v a r i a t i o n s  o f  f o  and h '  are compared w i t h  t h e  r e l a 
t i v e  sunspo t  numbers ( W )  and the  f l u x  o f  t h e  s u n ' s  
r a d i o  emis s ion  ( a )  a t  1 0 . 7  em. With 3 i l l u s t r a 
t i o n s  and 4 s o u r c e  c i t a t i o n s .  

S t a t e  o f  t h e  ionosphe re  a t  noon. C r i t i c a l  f r e q u e n c i e s .
I o n o s p h e r i c  da ta  a c q u i r e d  o v e r  t h e  l o n g  t e r m  are  of g r e a t  i m 
p o r t a n c e  f o r  i n v e s t i g a t i o n  of p r o c e s s e s  t h a t  t a k e  p l a c e  i n  t h e  
ionosphe re ,  compi l a t ion  o f  long-term f requency  f o r e c a s t s ,  and 
e n s u r i n g  u n i n t e r r u p t e d  communications i n  t h e  shortwave band. 
For t h i s  r e a s o n ,  t h e  r e s u l t s  o f  measurements made a t  t h e  A l m a - A t a  
i o n o s p h e r i c  s t a t i o n ,  which cove r  more t h a n  two c y c l e s  o f  s o l a r  
a c t i v i t y ,  are  o f  g r e a t  i n t e r e s t .  

F i g u r e  1. C r i t i c a l  F requenc ie s  f o E ,  foF1,  and 
f o F 2  i n  Megahertz a t  1 3  Hours (75"E T i m e ) ,
Sunspot  Numbers ( W ) ,  and F l u x  o f  S o l a r  Radio 
Emission (0) a t  10 .7  em. 

- . .  . .~ 

*Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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The b e h a v i o r  o f  t h e  c r i t i c a l  f r e q u e n c i e s  (fo) and v i r t u a l  
h e i g h t s  ( h ' )  of t he  E ,  F1 ,  and F2 l a y e r s  of t h e  ionosphe re  was 
compared w i t h  s o l a r  a c t i v i t y  expres sed  by t h e  r e l a t i v e  sunspo t
number (W) [l, 21  and t h e  s u n ' s  r a d i o  emis s ion  f l u x  a t  10.7 cm 
(Q) (Figs. 1, 2 ,  and 3 ) .  The monthly noon an6 midnight  median /4
v a l u e s  were used f o r  a n a l y s i s ,  s i n c e  they  are most r e p r e s e n t a 
t i v e  of t h e  q u i e t  s t a t e  of t h e  ionosphe re  and t h e  c r i t i c a l - f r e 
quency and v i r t u a l - h e i g h t  v a l u e s .  The noon and midnight  t i m e s  
(75"E t i m e )  were s e l e c t e d  because  t h e  p r o c e s s e s  t a k i n g  p l a c e  i n  
t h e  ionosphe re  are  cons ide red  t o  be  s teadier  a t  these t imes  of  
day. 

&W fQ45 f . 7  /Ytg fY5f f953 fq5.f fY57 Ig5g IY61~Ig63 1965 fY6? 
f Years 

F i g u r e  2 .  V i r t u a l  Heights  h l F l  and h l F 2  a t  13  
Hours i n  Kilometers  (75"E Time),  ( W ) ,  and ( @ ) .  

The c r i t i c a l  f r e q u e n c i e s  ( F i g .  1) v a r i e d  i n  conformity to 
s o l a r  a c t i v i t y  ( W  and @ ) .  Two e l even-yea r  c y c l e s ,  t h r e e  minima 
(1943-1944, 1953-1954, 1964-1965) and two maxima (1947-1948-1949
and 1957-1958-1959) a r e  c l e a r l y  e v i d e n t  on t h e  f o E , f o F l ,  and 
foF2 cu rves .  The ampl i tude  o f  t h e  frequency f l u c t u a t i o n s  i n 
c r e a s e d ,  e s p e c i a l l y  f o r  t h e  F2 l a y e r ,  w i th  r i s i n g  s o l a r  h c t i v i t y .
It can be  se.en from t h e  change i n  t h e  sunspo t  numbers t ha t  t h e  
n ine teenth  c y c l e  w a s  s i g n i f i c a n t l y  more i n t e n s e  t h a n  t h e  e i g h t e e n t h .
While t h e  monthly average  sunspot  va lue  was 2 1 0  i n  t h e  
e i g h t e e n t h  c y c l e ,  i t  was 330 i n  t h e  n i n e t e e n t h .  The v a r i a t i o n  o f  
t h e  r a d i o  emiss ion  f l u x  @ 1 0 . 7  cm and t h e  c r i t i c a l  f r e q u e n c i e s  

from c y c l e  to cycle was l e s s  d i s t i n c t .  To judge  from t h e  1966- 1 5
1 9 6 7  ascending  b ranch ,  t h e  t w e n t i e t h  c y c l e  promises  to be l e s s  
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i n t e n s e  t h a n  t h e  n i n e t e e n t h .  The p a t t e r n s  brought  o u t  here i n d i 
c a t e  a p r o b a b l e  i n c r e a s e  i n  t h e  i o n i z a t i o n  d e n s i t y  a t  t h e  layer
maximum, Nm =: (f ) 2 ,  w i t h  i n c r e a s i n g  i o n i z i n g  r a d i a t i o n .  

0 

A t r e n d  t o  l i m i t a t i o n  of  t h e  c r i t i c a l  f r e q u e n c i e s  and, con
s e q u e n t l y ,  l i m i t a t i o n  o f  t h e  i o n i z a t i o n  r i s e  i s  d i s c e r n e d  d u r i n g  
years o f  enhanced s o l a r  a c t i v i t y  C31. The median v a l u e s  of  f o F 2  
were a l s o  l i m i t e d  i n  the  y e a r s  o f  t h e  n i n e t e e n t h - c y c l e  minimum. 
A s e a s o n a l  v a r i a t i o n  can be  t r a c e d  i n  t h e  c y c l i c a l  v a r i a t i o n  o f  
t he  c r i t i c a l  f r e q u e n c i e s :  t h e  f requency  v a l u e s  of  t h e  E and F 1  
layers  are h i g h e s t  i n  summer and lowes t  i n  w i n t e r .  The proba
b i l i t y  o f  appearance o f  t h e  F 1  l a y e r  i n c r e a s e s  w i t h  d e c l i n i n g
solar a c t i v i t y .  I n  the  y e a r s  o f  the  minimum, t h e  F- reg ion  was 
s t r a t i f i e d  i n t o  F1- and F2- l aye r s  above A l m a - A t a  a l l  year  round. 
T h i s  i s  i l l u s t r a t e d  i n  F i g .  1 by the  cont inuous  f o F l  curve .  Dur
i n g  y e a r s  o f  h igh  a c t i v i t y ,  t h e  F1- l aye r  w a s  observed f o r  t h e  
most p a r t  only i n  summer. I n  t h e  F2- l aye r ,  t h e  c r i t i c a l - f r e q u e n c y
maxima o c c u r  i n  t h e  s p r i n g  and autumn months (March, Oc tobe r ) ,  
one minimum i n  summer ( J u l y ) ,  and a n o t h e r  much weaker one i n  
w i n t e r  (December-January).  The  ampl i tude  o f  t h e  s e a s o n a l  c r i t i 
ca l - f requency  v a r i a t i o n  i n c r e a s e s  w i t h  W .  Thus, t h e  va lues  o f  
f o E  v a r i e d  from 4.8 t o  2.8 MHz i n  t he  e i g h t e e n t h  c y c l e  and from 
4 .8  to 2.6 MHz i n  t h e  n i n e t e e n t h ;  t h o s e  o f  f o F l  v a r i e d  from 6 . 7  
to 3.6 MHz i n  t h e  e i g h t e e n t h  and from 7 to 3.6 MHz i n  t h e  n ine 
t e e n t h .  I o n i z a t i o n  i n t e n s i t y  depends mos t  conspicuous ly  on s o l a r  
a c t i v i t y  i n  t h e  F2- layer  ( F i g .  1). The c r i t i c a l  f r e q u e n c i e s  o f  
t h i s  l aye r  v a r i e d  f r o m  1 4  t o  5 . 3  MHz i n  t h e  e i g h t e e n t h  c y c l e  and 
from 14 .8  to 5.3 MHz i n  t h e  n i n e t e e n t h .  

Minimum x i r t u a l  h e i g h t s .  Fo r  t h e  h e i g h t s ,  t h e  s e a s o n a l  
v a r i a t i o n  can b e  t r a c e d  e a s i l y  and t h e  c y c l e  v a r i a t i o n  somewhat 
l e s s  ea s i ly .  The minimum e f f e c t i v e  h e i g h t  of  t h e  F1- l aye r  de
pends on s o l a r  a c t i v i t y  t o  a l e s s e r  deg ree  t h a n  t h e  h e i g h t  of t h e  
F2- layer  ( F i g .  2 ) .  Over somewhat more t h a n  two s o l a r - a c t i v i t y
c y c l e s ,  t h e  lowes t  va lues  o f  h ' F 1  were r e p o r t e d  i n  1945 ( h ' F  = 
= 1 6 0  km) .  The h e i g h t s  no t  only o f  t h e  F1- l aye r ,  bu t  a l s o  of t h e  
F2- layer  i n c r e a s e d  from 1947 t o  1954. T h i s  may have been due t o  
some e x t e n t  t o  t h e  s c r e e n i n g  e f f e c t  of t h e  s p o r a d i c  E- l aye r .  I n  
y e a r s  o f  t h e  minimum, h ' F 1  v a r i e d  f o r  t h e  most  p a r t  through + 2 0  
k m .  During y e a r s  o f  t h e  maximum, t h e  v a r i a t i o n s  o f  t h e  F 1 - l a y e r
h e i g h t  reached  +45 km.  Its h e i g h t  i n c r e a s e d  i n  w i n t e r  and de
c reased  i n  summer. 

Two minima and two maxima a re  observed  i n  t h e  v a r i a t i o n s  o f  
t h e  F2- l aye r  h e i g h t s  i n  each s o l a r - a c t i v i t y  c y c l e  ( F i g .  2 ) :  minima 
on t h e  a scend ing  branches  (1945-1946, 1955-1956) and descending /6
(1949-1950, 1961-1962)  branches  and maxima of t he  h e i g h t  h ' F 2  a t  
h i g h e r  and lower s o l a r  a c t i v i t i e s .  

The f l u c t u a t i o n s  observed  on t h e  curve  of t h e  F2- layer
h e i g h t  i n  t h e  e i g h t e e n t h  c y c l e  a r e  w i d e r  t h a n  t h o s e  of the  n ine 
t e e n t h .  Thus, h ' F 2  = 320 k m  i n  1 9 4 4 ,  and 200 k m  i n  1945, b u t  i n  
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1 9 4 7 ,  h 'F2  f e l l  from 370 to 250 km and remained a t  t h i s  l e v e l  
u n t i l  1954. At t h i s  t i m e ,  t h e  w i n t e r  v a l u e s  o f  h 'F2  began a 
p r o g r e s s i v e  d e c r e a s e ,  r each ing  220 km by 1965. Like  t h o s e  o f  
t h e  F1- layer ,  t h e  h e i g h t s  of t h e  P2- l aye r  showed a g e n e r a l  r i s e  
d u r i n g  t h e  e i g h t e e n t h  c y c l e  from 1 9 4 7  through 1954.  The upper
l i m i t  of  t h e  F2- l aye r  h e i g h t  curve  behaved somewhat d i f f e r e n t l y .
From 1 9 4 7  through 1950, h 'F2  f e l l  t o  340 km, b u t  from 1950  t o  
1 9 5 2 ,  t h e  upper  l e v e l  of t h e  h e i g h t  f l u c t u a t i o n  r o s e  to 390 km. 
Then t h e  upper  l i m i t  o f  t h e  F2- l aye r  h e i g h t  curve  began smooth 
c y c l i c a l  v a r i a t i o n s  (summer va lues  o f  h ' F 2 ) .  The g r e a t e s t  h e i g h t s
of  t h e  F2- l aye r  were observed  i n  1952  and 1958.  

Greater F2- layer  h e i g h t s  were obse rved  when t h e  F-region 
was c l e a r l y  s e p a r a t e d  i n t o  F1- and F2- l aye r s .  I f  t h e  i o n i z a t i o n  
minimum o f  t h e  F2- layer  i s  r e g i s t e r e d  i n  June-Ju ly ,  g r e a t e r
h e i g h t s  are a l s o  g e n e r a l l y  r eco rded  i n  June-July.  It was as 
though an i n i t i a l  b roadening  of t h e  l a y e r  was fo l lowed by a de
c l i n e  i n  i o n i z a t i o n .  The F2- layer  h e i g h t s  were smallest i n  
November-December. It i s  e v i d e n t  from t h e  t r e n d  of t h e  F1- and 
F2- layer  h e i g h t s  t h a t  t h e  h e i g h t  of t h e  F2- layer  decreased  i n  
November and December, wh i l e  t h a t  of F 1  r o s e .  It was as though
t h e  F-region had been compressed. Dens i ty  i n c r e a s e d  as a r e s u l t .  
While t h e  lower boundary of t h e  F2-layer  h e i g h t s  r o s e  d u r i n g  t h e  
maximum i n  t h e  e i g h t e e n t h  c y c l e ,  t h e  lower boundary ( w i n t e r  v a l u e s )
o f  t h e  F2- l aye r  h e i g h t s  remained a t  t h e  same l e v e l  du r ing  t h e  
n i n e t e e n t h  c y c l e .  Thus, t h e  w i n t e r  F2 - l aye r  occur red  a t  t h e  220
km l e v e l .  While no c y c l i c a l  p a t t e r n  was observed  for t h e  w i n t e r  
values .  o f  t h e  F2- l aye r  h e i g h t s ,  such  a p a t t e r n  d i d  emerge f o r  t h e  
summer va lues  i n  t h e  n i n e t e e n t h  c y c l e  ( F i g .  2 ) .  

On a n a l y z i n g  t h e  behav io r  o f  t h e  lower  boundar ies  of t h e  
i o n o s p h e r e ' s  F2- and F1- layers  i n  t h e  e i g h t e e n t h  and n i n e t e e n t h  
s o l a r - a c t i v i t y  c y c l e s ,  w e  n o t e  t h a t  t h e  t h i c k n e s s  o f  t h e  F1
r e g i o n  was much g r e a t e r  d u r i n g  t h e  s t r o n g  n i n e t e e n t h  c y c l e  t h a n  
i n  t h e  e i g h t e e n t h .  It was as though t h e  e n t i r e  F-region r o s e  a t  
t h e  maximum o f  t h e  n i n e t e e n t h  c y c l e  and descended a t  i t s  m i n i m u m .  
The lower boundary o f  t h e  r e g i o n  o c c u r r e d  a t  t h e  180-km l e v e l .  
The F-region descended on t h e  descending  p a r t  o f  t h e  s o l a r -
a c t i v i t y  branch  (1960-1962) and r o s e  a g a i n  du r ing  t h e  p e r i o d  o f  
t h e  maximum. Both descen t  and c o n t r a c t i o n  were observed i n  1 9 6 6 
1 9 6 7 .  The s t r o n g e r  r a d i a t i o n  d u r i n g  t h e  n i n e t e e n t h  c y c l e  as com- /7
p a r e d  w i t h  t h e  p reced ing  one n a t u r a l l y  i n c r e a s e d  t h e  tempera ture  
o f  t h e  gas  and t h i s ,  i n  t u r n ,  a f f e c t e d  t h e  p h y s i c a l  parameters  o f  
t h e  ionosphe re ,  i n c l u d i n g  d i f f u s i o n  p r o c e s s e s .  It has  been shown 
t h a t  d i f f u s i o n  h a s  a s t r o n g  i n f l u e n c e  on t h e  o v e r - a l l  e l e c t r o n -
c o n c e n t r a t i o n  b a l a n c e  a t  t h e  maximum o f  t h e  i o n o s p h e r i c  l a y e r  C41. 

S t a t e  o f  t h e  ionosphe re  a t  midnight .  The n i g h t t i m e  s t a t e  o f  
t h e  ionosphere  can b e  judged from t h e  t r e n d  o f  t h e  foF2 and h ' F  
curves  ( F i g .  3 ) .  The i o n i z a t i o n  v a r i e s  i n  t h e  same way a t  n i g h t  
as i t  does a t  midday ( i n  accordance w i t h  s o l a r  a c t i v i t y ) .  The 
s t r o n g e s t  and weakest  i o n i z a t i o n s  c o i n c i d e  w i t h  t h e  s o l a r - a c t i v i t y
maxima and minima. Thus, i n  c o n t r a s t  t o  t h e  e i g h t e e n t h  c y c l e ,  
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F i g u r e  3 .  C r i t i c a l  Frequencies  f o E 2  i n  Megahertz 
and E f f e c t i v e  Heights  i n  Kilometers  a t  O l h  ( 7 5 " E  
T i m e ) ,  (W), and ( @ ) .  

t h e  lower f requency  l i m i t  r o s e  by approximate ly  2 MHz a t  t h e  maxi
mum o f  t h e  n i n e t e e n t h  c y c l e ,  wh i l e  t h e  upper  l i m i t  r eached  t h e  
e igh teen th -cyc le  l e v e l .  A r i s e  i n  t h e  lower c r i t i c a l - f r e q u e n c y
l e v e l  ( w i n t e r  v a l u e s )  i s  beginning  a g a i n  on t h e  a scend ing  branch  
o f  t h e  t w e n t i e t h  s o l a r - a c t i v i t y  c y c l e .  A c y c l i c a l  r e l a t i o n s h i p  
emerges f o r  t h e  summer va lues  of  f o F 2  - something t h a t  cannot b e  
s a i d  o f  t h e  w i n t e r  foF2. The ampl i tude  o f  t h e  frequency f l u c t u a 
t i o n s  d u r i n g  t h e  maximum w a s  approximately + 3 ,  + 4  MHz, b u t  kl, 
k 2  MHz d u r i n g  t h e  minimum. I n  a d d i t i o n  to t h e  e leven-year  c y c l e ,  
t h e  s e a s o n a l  v a r i a t i o n  i s  d i s t i n c t l y  o u t l i n e d .  The i o n i z a t i o n  
maximum i s  observed i n  t h e  summer and t h e  minimum i n  w i n t e r .  

The curve of midnight  F- reg ion  h e i g h t s  ( F i g .  3 )  shows c l e a r l y  
t h e  s h a r p  v a r i a t i o n s  of h ' F  d u r i n g  t h e  e i g h t e e n t h  c y c l e  and t h e  
smoother ones d u r i n g  t h e  n i n e t e e n t h .  No c y c l i c a l  r e l a t i o n s h i p  i s  
d e t e c t e d .  During t h e  e i g h t e e n t h  c y c l e ,  h ' F  descended from 300 to 
200  km from 1 9 4 4  to 1 9 5 6 .  The h e i g h t  o f  t h e  F - l aye r  r o s e  from 
200 to 370 km from 1945  to 1 9 4 8  and t h e n ,  d u r i n g  t h i s  same y e a r ,
dropped to 290 km, where i t  remained u n t i l  1958. A b r i e f  r i s e  
w a s  observed  from 1952  through 1953 ,  from 290 to 360 km.  I n  1958,
t h e  h e i g h t  o f  t h e  r e g i o n  began a p r o g r e s s i v e  d e c r e a s e ,  r each ing
220 km i n  1965;  i n  1966  and 1 9 6 7 ,  i t  r o s e  a g a i n  s lowly .  The sea
s o n a l  v a r i a t i o n  o f  t h e  r e g i o n ' s  n i g h t t i m e  h e i g h t s  w a s  f a i n t l y
d i s c e r n i b l e ;  i t  w a s  s u b j e c t  t o  numerous f l u c t u a t i o n s .  A s  a r u l e ,  
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however, a d e c r e a s e  i n  the h e i g h t s  i s  observed  i n  summer and an  
i n c r e a s e  i n  w i n t e r .  

To account  f o r  t he  p a t t e r n s  t r a c e d  i n  t he  b e h a v i o r  of t he  
c r i t i c a l  f r e q u e n c i e s  and e s p e c i a l l y  i n  t h a t  o f  the  h e i g h t s  o f  t h e  
r e f l e c t i n g  i o n o s p h e r i c  l a y e r s ,  i t  must be  assumed tha t  the  s o l a r  
c y c l e s  d i f f e r  i n  r e s p e c t  t o  the  n a t u r e  o f  t h e  r a d i a t i o n  from 
v a r i o u s  r e g i o n s  on t h e  sun .  L ike  t he  r a d i o  f l u x  a t  10.7 cm, t h e  
r e l a t i v e  sunspot-number index  cannot  f u l l y  r e f l e c t  t h e  t r u e  f a c 
t o r s  tha t  i n f l u e n c e  the  i o n i z e d  s ta tes  of the  i o n o s p h e r i c  l aye r s .
Thus, t h e  d e c r e a s e  i n  t h e  number o f  s u n s p o t s  a t  the  end o f  1947  
and beg inn ing  o f  1948 may have been r e s p o n s i b l e  f o r  t h e  d i s t u r b 
ance o f  the  s e a s o n a l  r e l a t i o n s h i p s  i n  t h e  v a r i a t i o n  of t h e  F2
l a y e r  c r i t i c a l  f r e q u e n c i e s  and f o r  t h e  d i sappea rance  of t h e  day
t i m e  s p r i n g  maximum of  foF2.  The q u e s t i o n s  as t o  t h e  dec reased  
summer i o n i z a t i o n  and t h e  causes  o f  i o n i z a t i o n  l i m i t i n g  d u r i n g  
y e a r s  o f  h igh  W and s t i l l  remain u n c l a r i f i e d .  It  has been 
es tab l i shed  i n  r e c e n t  y e a r s  t ha t  t h e  number and n a t u r e  of mag
n e t i c  i o n o s p h e r i c  d i s t u r b a n c e s  are d i f f e r e n t  i n  d i f f e r e n t  s o l a r -
a c t i v i t y  c y c l e s .  S o l a r  f l a r e s  vary  i n  energy and a f f e c t  t h e  
s t a t e  o f  t he  ionosphe re  d i f f e r e n t l y .  It i s  t h e r e f o r e  necessa ry  
to con t inue  s t u d y  o f  t he  sun-geomagnetic f i e l d - i o n o s p h e r e  i n t e r 
a c t i o n .  
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ON T H E  S E L E C T I O N  O F  A V E R T I C A L  B A S E  I N  T H E  /10
I O N O S P H E R E  

V .I. Drob zhev 

ABSTRACT: The problem o f  s e l e c t i n g  a v e r t i c a l  base  
i n  t h e  ionosphe re  tha t  p e r m i t s  r e g i s t r a t i o n  o f  
v e r t i c a l  motions o f  s m a l l - s c a l e  i o n i z a t i o n  inhomo
g e n e i t i e s  o f  t h e  i o n o s p h e r e ' s  F- reg ion  i s  d i s 
cussed .  The accuracy  o f  c a l c u l a t i o n  o f  t h e  ve r 
t i c a l  d r i f t - v e l o c i t y  component i s  e s t i m a t e d .  
With 2 i l l u s t r a t i o n s  and 6 s o u r c e  c i t a t i o n s .  

It  i s  known t h a t  t h e  d i s t a n c e  between r e c e i v i n g  o b s e r v a t i o n  
p o i n t s  i n  s p a c e - d i v e r s i t y  r e c e p t i o n  de te rmines  system r e s o l u t i o n ,  
i . e . ,  t h e  spec t rum o f  t h e  inhomogenei t ies  under  s t u d y .  F o r  ex
ample, a ground base from 1 0 0  t o  1 0 0 0  m i n  l e n g t h  i s  used i n  
s tudy  of t h e  h o r i z o n t a l  motions of  s m a l l - s c a l e  i o n i z a t i o n  inhomo
g e n e i t i e s  ( i n  t h e  hundreds of m e t e r s )  [l]. C l e a r l y ,  s tudy  o f  
t h e  v e r t i c a l  d r i f t  o f  t h i s  inhomogeneity spec t rum r e q u i r e s  a 
measurement base of approximately t h e  same o r d e r  i n  t h e  ionos 
phe re .  

J u s t  as t h e  s i d e  l e n g t h  of t h e  measurement t r i a n g l e  ( t h e
b a s e )  must n o t  g r e a t l y  exceed t h e  s p a t i a l - c o r r e l a t i o n  r a d i u s  of  
t h e  d i f f r a c t i o n  p a t t e r n  i n  s p a c e - d i v e r s i t y  r e c e p t i o n ,  t h e  v e r t i 
c a l  base  must n o t  g r e a t l y  exceed t h e  r a d i u s  o f  f requency c o r r e l a 
t i o q  between s i g n a l s  a t  d i f f e r e n t  f r e q u e n c i e s .  T h i s  would r e s u l t  
i n  weak s i m i l a r i t y  between t h e  t r a c e s  o f  a f l u c t u a t i n g  s i g n a l  ob
t a i n e d  s imul t aneous ly  from d i f f e r e n t  h e i g h t s  i n  t h e  F2-region.  

S ince  t h e  l i t e r a t u r e  o f f e r s  no t h e o r e t i c a l  e s t i m a t e s  w i t h  a 
b e a r i n g  on s e l e c t i o n  of v e r t i c a l  b a s e l e n g t h ,  t h i s  problem has 
been so lved  by experiment  by  a d j u s t i n g  t h e  d i f f e r e n c e  between t h e  
s imul t aneous ly  r a d i a t e d  f r e q u e n c i e s  ( w i t h  c o n s i d e r a t i o n  of  t h e  
f a c t  t h a t  r a d i o  waves o f  d i f f e r e n t  l e n g t h s  are r e f l e c t e d  from 
d i f f e r e n t  l a y e r s  i n  t h e  i o n o s p h e r e )  C61. 

Figure  1 p r e s e n t s  a t y p i c a l  specimen r e c o r d i n g  showing t h e  
ampl i tude  f a d i n g  o f  a s i g n a l  r e c e i v e d  s imul t aneous ly  a t  d i f f e r e n t  
f r e q u e n c i e s .  The pho tograph ic  r e c o r d  shows t h e  form s i m i l a r i t y
of t h e  R ( t )  f a d i n g  curves  ( a  s imi l a r  fad ing-curve  form i s  o b t a i n 
ed on r e g i s t r a t i o n  o f  h o r i z o n t a l  d r i f t s ) .  Corresponding maxima 
are s h i f t e d  w i t h  r e s p e c t  t o  one a n o t h e r  by t h e  v e r t i c a l  d r i f t  of  
sma l l - sca l e  inhomogene i t i e s .  Analys is  o f  t h e  r e c o r d s  i n d i c a t e d  
t h a t  a s table  t i m e  s h i f t  i s  observed  between t h e  R ( t )  curves  ob- /11
t a i n e d  s imul t aneous ly  from d i f f e r e n t  h e i g h t s  i n  t h e  i o n o s p h e r i c  



F i g u r e  1. Amplitude Fad ing  o f  S i g n a l s  Received 
Simul taneous ly  a t  D i f f e r e n t  F r e q u e n c i e s .  The 
Uppermost Trace Corresponds t o  f l  (Minimum Fre
quency) ,  t h e  Second t o  f 2 ,  e t c .  F i lm  Advance 
Speed 50 mm/min. 

F2-region a t  a f requency  d i v e r s i t y  of  2 t o  60  kHz. I f  t h e  d i v e r 
s i t y  A f  > 60 kHz, there  i s  u s u a l l y  e i t h e r  complete d e c o r r e l a t i o n  
of t h e  R ( t )  curves  o r  e x c e s s i v e l y  slow f a d i n g ,  e v i d e n t l y  due t o  
v e r t i c a l  motion o f  l a r g e - s c a l e  inhomogene i t i e s .  A t  t h e  same t ime ,  
t h e r e  i s  a lower l i m i t  t o  t h e  d i v e r s i t y  A f ,  because  t h e  t ime 

i s  o f  t h e  o r d e r  o f  0.1-0.15 second when A f  = 2-5 kHz,
shift 'ij
i . e . ,  w i t h i n  t h e  l i m i t s  of r e a d i n g  e r r o r .  Thus, a v e r t i c a l  base-
t h a t  pe rmi t s  r e g i s t r a t i o n  o f  t h e  v e r t i c a l  d r i f t  o f  sma l l - sca l e  
inhomogenei t ies  i s  o b t a i n e d  when t h e  s imul t aneous ly  r a d i a t e d  f r e 
quenc ie s  a r e  s e p a r a t e d  by 5 t o  60 kHz. 

The d i r e c t i o n  o f  t h e  v e r t i c a l  d r i f t  i s  de te rmined  as f o l 
lows.  If t h e  ampl i tude  maxima o r  minima cor responding  t o  t h e  
R ( t )  curve f o r  f requency  fl l a g  t h e  ampl i tude  maxima o r  minima 
of  t h e  R ( t )  cu rves  o f  f r e q u e n c i e s  f 2 ,  f 3 ,  and f 4 ,  d r i f t  i s  up
ward; conve r se ly ,  i f  t h e y  lead them, i t  i s  downward w i t h  r e s p e c t  
t o  t h e  p l ane  o f  t h e  h o r i z o n .  

To c a l c u l a t e  Vv, i t  i s  necessa ry  t o  know t h e  r e l a t i v e  d i f 

f e r e n c e  between t h e  t r u e  h e i g h t s  ( v e r t i c a l  base) t h a t  corresponds 
t o  t h e  s imul t aneous ly  r a d i a t e d  f r e q u e n c i e s .  The t r u e  h e i g h t s  
were computed on a Minsk 1 e l e c t r o n i c  computer by t h e  method de
s c r i b e d  i n  [2]. Here t h e  expe r imen ta l  he ight - f requency  curve ( h ' f )  
was broken up i n t o  a s e r i e s  o f  f requency  i n t e r v a l s  ( A f )  w i t h  A f  
a t  0 . 1  MHz, i . e . ,  t h e  t r u e  h e i g h t s  were computed at 0.1-MHz i n 
t e r v a l s .  By way o f  i l l u s t r a t i o n ,  l e t  u s  examine t h e  t r u e - h e i g h t
i n t e r v a l  co r re spond ing  t o  t h e  f requency  d i f f e r e n c e  A f  = 0 . 2  MHz. 

It was found t h a t  a r e l a t i v e  d i f f e r e n c e  Ah from 2 t o  1 0  km /12
corresponds  t o  A f  = 0 . 2  MHz, w i t h  a most p r o b a b l e  va lue  of  5-6 k m .  
I n  view o f  t h e  f a c t  t h a t  t h e  work was done s imul t aneous ly  w i t h  
p u l s e s  o f  f o u r  d i f f e r e n t  f r e q u e n c i e s ,  f o r  t h e  most p a r t  w i t h  a 
10-kHz s h i f t ,  i t  i s  e a s i l y  s e e n  t h a t  a most p r o b a b l e  v e r t i c a l -
base  va lue  of  0.25-0.3 k m  cor responds  t o  a A f  o f  1 0  kHz, 0 .5 
0 . 6  km to 20 kHz,  0 . 7 5 - 0 . 9  km t o  30 kHz, and 1 -1 .2  k m  t o  40 kHz. 
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The d i s t r i b u t i o n  of t h e  v e r t i c a l - b a s e  v a l u e s  f o r  v a r i o u s  seasons  
i n  1965-1966 i n d i c a t e d  t h a t  f o r  t i m e s  around t h e  equinox (Septem
b e r  1 9 6 5  and September and March 1 9 6 6 ) ,  t h e  Ah cor responding  t o  
A f  = 20 kHz v a r i e s  from 100 t o  1100 m. The most p robab le  v a l u e  
of Ah i s  400-500 m; f o r  w i n t e r  (January-February 1 9 6 6 1 ,  t h e  most 
p robab le  v e r t i c a l - b a s e  va lue  i s  500-700 m ,  and f o r  summer (May,
June ,  J u l y  1 9 6 6 ) ,  400-600 m. The v e r t i c a l  base i n c r e a s e s  by a 
f a c t o r  of 1 . 5  t o  2 ,  r e s p e c t i v e l y ,  for d i v e r s i t i e s  o f  30 and 40 
kHz . 

The most p robab le  va lues  o f  t h e  t i m e  s h i f t  are  1 .5-2  s e e  f o r  
A f  = 20 kHz and 3 s e e  f o r  3 0  kHz. Thus, t h e  most p robab le  va lue  
o f  t h e  v e r t i c a l  d r i f t ,  d e f i n e d  as Vv = Ah/rij,  was found t o  be  

approximately 200-300 m/sec. This  v a l u e  of Vv i s  v i r t u a l ,  s i n c e  
i t  i s  assumed t h a t  d r i f t  t a k e s  p l a c e  i n  t h e  v e r t i c a l  p l a n e ,  j u s t  
as motion i n  t h e  h o r i z o n t a l  p l a n e  i s  assumed i n  c a l c u l a t i o n  of 
t h e  h o r i z o n t a l  d r i f t  ( f a d i n g - s i m i l a r i t y  method) [ 3 ] .  

The accuracy o f  c a l c u l a t i o n  o f  t h e  v e r t i c a l  d r i f t - v e l o c i t y  
component, which depends p r i m a r i l y  on p rope r  d e t e r m i n a t i o n  o f  t h e  
v e r t i c a l  base,  and,  consequen t ly ,  t h e  accuracy  of  t h e  t r u e - h e i g h t
c a l c u l a t i o n  may be q u e s t i o n e d .  Here, a c c i d e n t a l  e r r o r s  may a r i s e  
out of t h e  fo l lowing  f a c t o r s :  t h e  s u b j e c t i v e n e s s  o f  t h e  r e a d i n g
t a k e n  i n  compil ing t h e  i o n o s p h e r i c  r e c o r d s ;  t h e  p u l s e d  ionospher 
ic-sounding method; i n s t a b i l i t y  of  t h e  i o n o s p h e r i c  s o u n d e r ' s  
height-marker  g e n e r a t o r ;  t h e  nonzero dimensions o f  t h e  s p o t  on 
t h e  cathode-ray t u b e ,  e t c .  With c o n s i d e r a t i o n  of these e r r o r s  
and t h e  d e t a i l s  of N ( h ) - p r o f i l e  p r o c e s s i n g  i n  ou r  exper iment ,  t h e  
e r r o r  o f  v e r t i c a l - b a s e  measurement determined by t h e  formula 
A s  = + K / Z  was +3 km ( K  = 1). On t h i s  bas i s ,  t h e  most p robab le
v a l u e  of Ah = 6 k m  cor responding  t o  t h e  frequency i n t e r v a l  A f  = 
= 0 . 2  MHz w i l l  b e  k 3  km, o r  t h e  most p robab le  v e r t i c a l - b a s e  v a l u e  
( f o r  A f  = 20 kHz) w i l l  b e  500-600 Z? 300 m ,  i . e . ,  t h e  accuracy o f  /13
v e r t i c a l - b a s e  c a l c u l a t i o n  i n  t h i s  ca se  i s  approximate ly  5 0 % .  I t  
i s  r e a d i l y  no ted  t h a t  t h e  accuracy  o f  c a l c u l a t i o n  of Ah from t h e  
segment o f  t h e  h ' ( f )  curve cor responding  t o  A f  = 0 . 3  MHz i n c r e a s e s  
t o  3 0 % ,  or to 20-25% for A f  = 0 . 4  MHz. 

Thus, t h e  v e r t i c a l  component of d r i f t  r a t e  can b e  de te rmined  
by t h i s  method a c c u r a t e  t o  20-30%. The  p r i n c i p a l  use  made o f  
these  r e s u l t s  w a s  i n  c o n s t r u c t i o n  o f  t h e  d i u r n a l  v a r i a t i o n  of t h e  
magnitude and d i r e c t i o n  of Vv ,  i n  which no fewer t h a n  20 v a l u e s  
of  Vv were ave raged  f o r  each hour  of t h e  day. We know from t h e  
theo ry  of  a c c i d e n t a l  e r r o r s  t h a t  i n  t h i s  ca se  t h e  root-mean
s q u a r e  e r r o r  o f  t h e  ave rage  ( independent  measurements) i s  reduced 
by a f a c t o r  o f  6,where n i s  t h e  number o f  measurements. Conse
q u e n t l y ,  t h e  accuracy of  c a l c u l a t i o n  of  Vv f o r  each hour  i s  i n 
c r e a s e d  t o  l O - l 5 % .  If K = 2 ,  t h e  e r r o r  of c a l c u l a t i o n  o f  h e q u a l s
+ 6  km. 
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A number o f  o t h e r  methodologica l  q u e s t i o n s  ar ise  i n  s t u d y
of t he  v e r t i c a l  d r i f t  o f  s m a l l - s c a l e  i o n i z a t i o n  inhomogenei t ies  : 
whether  the  v e r t i c a l  base remains c o n s t a n t  ove r  the t ime  of  d r i f t  
r e g i s t r a t i o n ,  and the e x t e n t  t o  which r e p r e s e n t a t i o n  o f  t h e  t r u e -
h e i g h t  segment co r re spond ing  t o  A f  = 0 . 3  MHz by a l i n e  segment 
i s  j u s t i f i e d .  

A c t u a l l y ,  t he  i o n o s p h e r i c  r e c o r d s  from which t h e  base i s  
determined are t a k e n  a t  15-minute i n t e r v a l s  ( t h e  t i m e  t o  r e c o r d  
a high-frequency c h a r a c t e r i s t i c  i s  20 s e c ) .  On -the o t h e r  hand, 

a d r i f t  s e s s i o n  runs  t o  5-10 minutes ,  w i t h  t h e  beg inn ing  o r  end 

of the s e s s i o n  g e n e r a l l y  c o i n c i d i n g  w i t h  i o n o s p h e r i c  r e c o r d i n g .  

The q u e s t i o n s  n a t u r a l l y  arise as t o  whether t he  base remains 

c o n s t a n t  th roughout  t h e  s e s s i o n  and,  i f  i t  does n o t ,  t h e  amount 

by which i t  changes.  T h i s  was i n v e s t i g a t e d  on a p p a r a t u s  w i t h  

which the v e r t i c a l  base could  be  de termined  by a phase method. 

The phase method of  i n v e s t i g a t i n g  t h e  a l t i t u d e  d i s t r i b u t i o n  o f  

e l e c t r o n  c o n c e n t r a t i o n  ( i n  accordance  w i t h  t he  t r u e - h e i g h t  ca l cu  

l a t i o n )  t ha t  was proposed i n  C51 and developed i n  [ 4 ]  i s  char  

a c t e r i z e d  by h igh  r e l a t i v e  h e i g h t  accuracy  (o f .  t h e  o r d e r  o f  t h e  

wavelength of  the  working f r e q u e n c y ) ,  and t h i s  makes i t  p o s s i b l e  

t o  e v a l u a t e  t h e  cons tancy  o f  d h ( t ) / d t  as a f u n c t i o n  of t h e  t ime 

of t h e  d r i f t - r e g i s t r a t i o n  s e s s i o n .  It w a s  shown e x p e r i m e n t a l l y 

i n  [ 4 ]  tha t  d q ( h ) / d t  (q  i s  t h e  phase  o f  t h e  s i g n a l  r e f l e c t e d  from 

t h e  i o n o s p h e r e )  can  b e  assumed c o n s t a n t  t o  w i t h i n  5~10%over  the 

t i m e  o f  a s e s s i o n .  F i g u r e  2 shows t h e  Ah r e c o r d e d  a t  a f i x e d  

f requency ove r  11 minutes  (uppe r  d i ag ram) ,  5 minutes  (middle  dia- /a

gram),  and 1 7  minutes  ( lower  d iagram) .  I n  t h e  f i rs t  c a s e ,  t h e  

va lue  Ah = 450 m v a r i e s  th rough 25 m as s e s s i o n  t i m e  i n c r e a s e s  

t o  11 minutes  ( t h e  i n s t a b i l i t y  o f  t h e  base i s  about 5 6 ) ;  it 

v a r i e s  by  15 m i n  t h e  second c a s e  (5-6%) and 50 m i n  t h e  t h i r d  

( 8 % ) .  


An a n a l y s i s  performed i n  t h i s  way on a l a r g e  amount o f  sta
t i s t i c a l  material  ( abou t  150 measurements) showed t h a t  t h e  meas
urement base remains p r a c t i c a l l y  c o n s t a n t  o v e r  t h e  r e c o r d i n g  t i m e  
f o r  t h e  v e r t i c a l  d r i f t  of s m a l l - s c a l e  inhomogenei t ies  (5-10 m ) .  

T h i s  conc lus ion  i s  v a l i d  f o r  constancy o f  t h e  r a d i a t e d - f r e 
quency d i f f e r e n c e  A f ,  which i s  de te rmined  by t h e  i n s t a b i l i t y  o f  
t h e  SP-3's smoothly v a r i a b l e  l o c a l  o s c i l l a t o r  and i o n o s p h e r i c  
sounder .  The c o n t r o l  v o l t a g e  (jumping s c a n )  i s  s e t  by a s t ab i 
l i z e d  power s o u r c e  ( 0 . 5 % ) ,  and i t s  i n f l u e n c e  on A f  does n o t  ex
ceed 500 Hz ( a t  t h e  maximum 1 0 0 - V  modulat ion o f  t h e  100-kHz l o c a l -
o s c i l l a t o r  f r e q u e n c y ) .  The sho r t - t e rm i n s t a b i l i t y  of t h e  s P - 3 ' ~  
t e m p e r a t u r e - s t a b i l i z e d  smooth l o c a l  o s c i l l a t o r  does no t  exceed 
1 . 5  Hz/sec a f t e r  a two-hour warmup [ 4 ] .  For a sounding f requency
of 30 Hz, t h e  f requency  d r i f t  on s u c c e s s i v e  s w i t c h i n g s  t o  f l  and 
f p  does not  exceed 0 . 5  Hz. Thus, t h e  t o t a l  i n s t a b i l i t y  o f  t h e  /& 
f requency d i f f e r e n c e  i s  o f  t h e  o r d e r  o f  0 . 5  kHz ( f o r  t h e  ave rage  
A f  = 30 kHz). 
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Ah, kin I 

I T.min 

I 2  3 4 5 6 ? d 9 I O N  f 2 f 3 f 4  f5 16 

F i g u r e  2 .  V e r t i c a l  Base Ah as a Func t ion  o f  
Time. Recording:  a )  11 minu tes ;  b )  5 minutes ;  
c )  17 minutes .  

A s  a r u l e ,  t h e  t r u e - a l t i t u d e  d i f f e r e n c e  Ah cor responding  t o  
a O.3-MHz f requency  i n t e r v a l  w a s  used i n  c a l c u l a t i n g  t h e  v e r t i c a l  
base. Then, depending on t h e  s h i f t  of t h e  s imul t aneous ly  r a d i 
a t e d  f r e q u e n c i e s ,  Ah was d i v i d e d  i n t o  1 0  p a r t s  f o r  A f  = 20 kHz,
6-7 p a r t s  f o r  A f  = 30 kHz, and s o r f o r t h .  The j u s t i f i c a t i o n  f o r  
u s ing  a l i n e a r  segment t o  r e p r e s e n t  t h i s  h e i g h t  segment may be 
ques t ioned .  L i n e a r i t y  could  be e s t i m a t e d  by expe r imen ta l  d e t e r 
mina t ion  o f  t h e  phase-frequency c h a r a c t e r i s t i c  d q ( f ) / d f  f o r  t h e  
F- reg ion  [4]. The experiment  i n d i c a t e s  t h a t  t h e  d e v i a t i o n  from 
l i n e a r i t y  of  t h e  recomputed h ' ( f )  c h a r a c t e r i s t i c  does no t  exceed 
5-10% i n  t h e  f r equency  range a l l  t h e  way down t o  0 .3 -0 .5  MHz ( w i t h  
a v e r t i c a l  base of t h e  o r d e r  of 500-600 m ,  t h i s  amounts to 50
60  m ) .  T h i s  conc lus ion  i s  v a l i d  for segments of t h e  h ' ( f )  char
a c t e r i s t i c  remote from t h e  minimum and c r i t i c a l  f r e q u e n c i e s  o f  
t h e  l aye r .  

For s tudy  o f  s m a l l - s c a l e  inhomogene i t i e s ,  t h e  space-d iver 
s i t y  o b s e r v a t i o n  sys tem c o n s i s t s  of a s i n g l e  t r a n s m i t t e r  and 
t h r e e  r e c e i v i n g  an tennas .  Because o f  t h e  s p h e r i c i t y  o f  t h e  wave, 
t h e  v i r t u a l  h o r i z o n t a l  d r i f t - r a t e  component o f  t h e  d i f f r a c t i o n  
p a t t e r n  a t  t h e  ground w i l l  be  tw ice  t h e  d r i f t  ra te  i n  t h e  ionos 
phe re  [3]. S i n c e  s i g n a l s  of d i f f e r e n t  f r e q u e n c i e s  a r e  r e g i s t e r e d  
a t  t h e  same p o i n t  on t h e  ground i n  f r e q u e n c y - d i v e r s i t y  r e c e p t i o n ,
t h e  appa ren t  r a t e  of t h e  v e r t i c a l  motion measured a t  t h e  ground
w i l l  b e  equa l  t o  t h e  ra te  of t h e  motion i n  t h e  ionosphere  ( t he re
i s  no need t o  take wave s p h e r i c i t y  i n t o  a c c o u n t ) .  
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VARIATION O F  foF2 


V. I. Drob zhev 

ABSTRACT: The d i u r n a l  v a r i a t i o n s  of t h e  c r i t i c a l  
f r e q u e n c i e s  o f  t h e  i o n o s p h e r i c  F2 r e g i o n  may be  
i n f l u e n c e d  s u b s t a n t i a l l y  by t h e  12-hour component
o f  t he  v e r t i c a l  d r i f t  of sma l l - sca l e  i o n i z a t i o n  
inhomogene i t i e s ,  which enab le s  us  t o  e x p l a i n  a 
number o f  c h a r a c t e r i s t i c  a s p e c t s  o f  the  d i u r n a l  
b e h a v i o r  o f  foF2:  t h e  appearance of  t h e  forenoon 
maximum of foF2 and t h e  evening i o n i z a t i o n  maximum. 
With 1 i l l u s t r a t i o n  and 6 s o u r c e  c i t a t i o n s .  

I t  i s  known t h a t  t h e  i o n o s p h e r i c  F2- layer  d i f f e r s  subs t an 
t i a l l y  from t h e  s imple  Chapman l a y e r ,  even on magnetoionospheric
a l l y  q u i e t  days.  T h i s  phenomenon i s  u s u a l l y  r e f e r r e d  t o  as t h e  
anomaly o f  t h e  F2- layer .  The au tho r s  o f  a number o f  works have 
a t t empted  t o  e x p l a i n  t h i s  anomaly i n  terms of  c h a r g e d - p a r t i c l e
d r i f t ,  which i s  d e s c r i b e d  by an a p p r o p r i a t e  t e r m  i n  t h e  i o n i z a 
t ion -ba lance  e q u a t i o n :  

where N i s  e l e c t r o n  c o n c e n t r a t i o n ,  Q i s  t h e  r a t e  of e l e c t r o n  f o r 
mat ion ,  B i s  t h e  recombina t ion  c o e f f i c i e n t ,  and $ i s  t h e  d r i f t  
r a t e .  

I n  C 1 ,  2 1 ,  f o r  ?xample, t h e  r a p i d  i n c r e a s e  i n  i o n i z a t i o n  ( o r  
t h e  r a p i d  i n c r e a s e  i n  t h e  c r i t i c a l  f r e q u e n c i e s )  i n  t h e  F2-region
dur ing  t h e  morning and t h e  evening  i o n i z a t i o n  maximum were asso
c i a t e d  w i t h  t h e  s u b s t a n t i a l  east-west component of  h o r i z o n t a l  
d r i f t  t h a t  p r e v a i l s  a t  t hese  t i m e s .  V . N .  Kessenikh C31 i n d i c a t e s  
a p o s s i b l e  e f f e c t  o f  zona l  d r i f t  on t h e  d i u r n a l  v a r i a t i o n  of e l e c 
t r o n  c o n c e n t r a t i o n ,  s u g g e s t i n g  t h a t  t h e  r e a l  d isp lacements  o f  a i r  
masses i n  t h e  ionosphe re  a t  a v e l o c i t y  of 1 0 0  m/sec f o r  middle  
l a t i t u d e s  shou ld  i n t r o d u c e  q u i t e  d r a s t i c  changes i n t o  t h e  p a t t e r n
of t h e  "mathematical  i onosphe re .  If 

Such a comparison w i t h  c o n s i d e r a t i o n  o f  expe r imen ta l  re
s u l t s  on t h e  v e r t i c a l  d r i f t  o f  sma l l - sca l e  inhomogenei t ies  w i l l  
unques t ionably  b e  o f  s u b s t a n t i a l  i n t e r e s t .  



To judge  from curve  a ( F i g .  l),
the  c r i t i c a l  f r eauency  i s  5.5 MHz a t  
midnight ;  a t  Qh,  i t  r e a c h e s  a mini
mum of  4 .7  MHz. The c r i t i c a l  f re 
quenc ie s  i n c r e a s e  s h a r p l y  from 6h t o  
11-12  h . The l a r g e s t  i n c r e a s e  ( 7 . 4 5
MHz) o c c u r s  a t  about  11 hours  1 3  
minutes .  A second,  ea r ly -even ing
c r i t i c a l - f r e q u e n c y  minimum ( 6 . 5  MHz)  
occu r s  at  1 8  hour s .  Also c h a r a c t e r 
i s t i c  f o r  t h i s  curve  i s  the  even ing
maximum of  f o F 2  a t  21h. Thus, q u a l i 
t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  o f  
t h e  d i u r n a l  curve  i n d i c a t e s  t ha t  t h e  
c r i  t i c a l - f r e q u e n c y  v a r i a t i o n s  are 
d e s c r i b e d  f o r  t h e  most p a r t  by a 
24-hour harmonic and only  t o  an i n 
s i g n i f i c a n t  deg ree  by an i n d i s t i n c t  
12-hour component. 

S ince  t h e  expe r imen ta l  d i u r n a l  
curve  of t h e  magnitude and d i r e c t i o n  
of t h e  s m a l l - s c a l e  inhomogeneity 
d r i f t  ra te  v e r t i c a l  component i s  de
s c r i b e d  p r e f e r e n t i a l l y  by t h e  12
hour  p e r i o d i c i t y  o f  t h e  motion, i t  
became n e c e s s a r y  to i s o l a t e  t h e  ha l f -
day component from t h e  d i u r n a l  curve  
o f  t h e  c r i t i c a l  f requency  foF2. The 
Buys Ballot sys tem,  a means o f  b r i n g -

o u t  C41, w a s  

F igu re  1. Diu rna l  Varia
t i o n  o f  C r i t i c a l  F r e 
quenc ie s  f oF2 Averaged 
Over May-July 1 9 6 6  ( a ) ;
12-Hour Component o f  
D iu rna l  V a r i a t i o n s  of 
foF2 as Resolved by
Buys B a l l o t  System (b  ) ; 
Diurna l  V a r i a t i o n  o f  
V e r t i c a l  D r i f t  - R a t  e 
Component ( c )  . 

i n g  l a t e n t  p e r i o d i c i t i e s  
was used to permi t  d i r e c t  comparison o f  t h e s e  cu rves .  

The 12-hour p e r i o d i c i t y  was brought  o u t  more d i s t i n c t l y  by
a n a l y s i s  of t h e  o v e r - a l l  curve  b ( F i g .  1). It i s  e a s i l y  s e e n  
t h a t  foF2 i n c r e a s e s  to 6 . 3  MHz above i t s  median v a l u e  between 
6 and 13 hours  and 1 8  and lh; from 1 t o  6h and from 13 to 18h,  i t  
d imin i shes ,  w i t h  a minimum d e v i a t i o n  o f  0 . 6 5  MHz from t h e  median. 
The same f i g u r e  ( F i g .  IC)shows t h e  curve of t h e  d i u r n a l  changes
i n  t h e  magnitude and d i r e c t i o n  o f  t h e  s m a l l - s c a l e  inhomogeneity 
d r i f t  r a t e  v e r t i c a l  component, a l s o  o b t a i n e d  f o r  t h e  summer o f  
1966  (May, June ,  J u l y )  [6 ] .  From 8 to 13 and from 19 to 2 4  h o u r s ,  
t h e  d r i f t  i s  upward; from 2 4  t o  8 and from 13 t o  1 9  h o u r s ,  it i s  
downward w i t h  r e f e r e n c e  t o  t h e  p l a n e  of t h e  h o r i z o n  ( a l l  r e f e r 
ences  a r e  to l o c a l  zone t i m e ) .  Analys is  o f  t h e s e  curves  i n d i - /@ 
c a t e s  t h a t  t h e  i n c r e a s e  i n  t h e  c r i t i c a l  f r e q u e n c i e s  foF2 coin
c i d e s  b a s i c a l l y  w i t h  t h e  upward d i r e c t i o n  o f  d r i f t ,  and t h a t  t h e  
dec rease  cor responds  to downward d r i f t .  

The p o s s i b l e  c o n t r a c t i o n  o f  t h e  ionosphe re  a f t e r  daytime 
warming i s  r ega rded  as one of  t h e  causes  o f  t h e  evening  i o n i z a t i o n  
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maximum [ S I .  However, there  i s  some q u e s t i o n  as to whether  t h e  
ionosphere  could  c o n t r a c t  w i t h i n  a compara t ive ly  s h o r t  t i m e  
1-1.5 hours  - t o  such  a degree  as t o  b r i n g  the  c r i t i c a l  f requency 
t o  t h e  l e v e l  o f  the  midday v a l u e  i n  some c a s e s .  With s u n s e t ,  
moreover, t h e  p r o c e s s  of e l e c t r o n  n e u t r a l i z a t i o n  i s  i n t e n s i f i e d .  
Thus, i t  appears  t o  us t h a t  an  a d d i t i o n a l  mechanism i s  r e q u i r e d  
t o  compensate n e u t r a l i z a t i o n  of  t he  e l e c t r o n s .  The occur rence  of 
t h e  evening foF2 maximum c o i n c i d e s  w i t h  t h e  maximum of  Vv = 20 
d s e c  ( d i r e c t e d  upward) t h a t  occur s  at  t h i s  t i m e .  It may t h e r e 
f o r e  be assumed t h a t  t h e  a d d i t i o n a l  mechanism i s  v e r t i c a l  t r a n s 
p o r t  of i o n i z a t i o n  from t h e  lower ionosphe re .  On t h e  o t h e r  hand,  
t h e  forenoon and e a r l y  evening  c r i t i c a l - f r e q u e n c y  minima appear  
t o  r e s u l t  from v e r t i c a l  t r a n s f e r  of  i o n i z a t i o n  downward from t h e  
2 - r e g i  on. 

According to Chapman's t h e o r y ,  t h e  maximum o f  t h e  c r i t i c a l  
f requency foF2 shou ld  occur  a t  l o c a l  noon. However, it was found 
i n  s tudy  of foF2 as a f u n c t i o n  o f  t i m e  o f  day a t  t h e  A l m a - A t a  
i o n o s p h e r i c  s t a t i o n  and a t  o t h e r  p o i n t s  t h a t  t h e  f 0 F 2  maximum i s  
s h i f t e d  away from noon by about  1-2 h o u r s ,  o c c u r r i n g  a t  1 1 - 1 2  
hour s .  T h i s  d e p a r t u r e  from t h e  behav io r  of t h e  h y p o t h e t i c a l  Chap
man F2- l aye r  i s  known as t h e  d i u r n a l  anomaly. The d i u r n a l  anom
a l y  can a l s o  b e  e x p l a i n e d  from t h e  s t a n d p o i n t  o f  a l lowance f o r  
v e r t i c a l  d r i f t .  I n  f a c t ,  t h e  maximum of  foF2  a t  11-12 hours  
c o i n c i d e s  w i t h  t h e  maximum upward v e r t i c a l  component of  t h e  d r i f t  
r a t e ,  which occur s  a t  approximately t h e  same t i m e .  The d e c r e a s e  
i n  f o F 2  beg ins  w i t h  r e v e r s a l  of t h e  d i r e c t i o n  o f  d r i f t  ( a t  1 2  
hours  0 0  minu te s ) .  

Thus, i t  fo l lows  from t h e  above t h a t  t h e  d i u r n a l  v a r i a t i o n s  
of t h e  c r i t i c a l  f r e q u e n c i e s  of t h e  i o n o s p h e r i c  F2-region may be  
s u b s t a n t i a l l y  i n f l u e n c e d  by t h e  12-hour  v e r t i c a l - d r i f t  component
of t h e  s m a l l - s c a l e  i o n i z a t i o n  inhomogene i t i e s ,  which enab le s  us 
to e x p l a i n  a number of c h a r a c t e r i s t i c  features o f  t h e  d i u r n a l  
v a r i a t i o n  o f  f o F 2 ,  e . g . ,  t h e  appearance of t h e  forenoon maximum 
of  f o F 2 ,  t h e  even ing  i o n i z a t i o n  maximum, e t c .  

I n  o u r  o p i n i o n ,  t h e  s i g n i f i c a n c e  o f  t h e  24-hour component /a
of t h e  d i u r n a l  v a r i a t i o n s  o f  Vv r e s u l t s  n o t  from any r e a l  i o n i z a 
t i o n  t r a n s p o r t ,  b u t  from p e c u l i a r i t i e s  i n  t h e  v a r i a t i o n  of t h e  
e l e c t r o n  fo rma t ion  r a t e  f u n c t i o n  Q and t h e  l o s s  c o e f f i c i e n t  B .  
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I O N O S P H E R I C  M A G N E T I C  P H E N O M E N A  A S S O C I A T E D  W I T H  /%
P R O T O N  F L A R E S  

M.P. Rudina and N . F .  S o l o n i t s y n a  

ABSTRACT: The s t a t e  o f  t h e  ionosphe re  above s ta 
t i o n s  i n  Kazakhstan i s  examined i n  connec t ion  
w i t h  t h e  p r o t o n  f lares  o f  7 J u l y ,  28 August,  and 
2 September ,  1 9 6 6 .  The expe r imen ta l  da ta  are 
ana lyzed  and reduced  by t h e  customary method. 
U n i v e r s a l  T i m e  ( U T )  i s  used .  It i s  e s t a b l i s h e d  
t h a t  a p r o t o n  f l a r e  causes  i n c r e a s e d  r a d i o  ab
s o r p t i o n  ( t h e  i o n i z a t i o n  of t h e  D-region i s  en
hanced,  and t h e  minimum r e f l e c t e d  f r e q u e n c i e s
d e c r e a s e )  ; magnet ic  s torms  and i o n o s p h e r i c  d i s 
t u r b a n c e s  are observed  on t h e  ea r th  one-and-a
h a l f  to two days a f t e r  some p r o t o n  f l a r e s .  

To a s c e r t a i n  t h e  i n f l u e n c e  o f  p r o t o n  f l a r e s  on t h e  s t a t e  o f  
t h e  e a r t h ' s  magnet ic  f i e l d  and ionosphe re ,  t h e  p e r i o d s  from 5 
through 11 J u l y ,  2 7  August th rough 6 September ,  and 1 8  through 
2 2  September 1 9 6 6  were s t u d i e d  i n  data  from t h e  combined mag
n e t i c - i o n o s p h e r i c  s t a t i o n s  i n  Kazakhstan:  t h o s e  a t  Karaganda,
Novo-Kazalinsk, and A l m a - A t a .  I f  w e  a c c e p t  t h e  convent ion  t h a t  
f l a r e s  are  p r o t o n  f l a r e s  i f ,  i n  a d d i t i o n  t o  i n c r e a s e d  i n t e n s i t i e s  
i n  t h e  x-ray and u l t r a v i o l e t  r e g i o n s  of  t h e  spec t rum,  they  e j e c t
a p p r e c i a b l e  numbers o f  p r o t o n s  - no fewer t h a n  lo2 protons/cm3
w i t h  e n e r g i e s  o f  ~ 1 0 0MeV - t h e n  p r o t o n  f l a r e s  were observed  on 
7 J u l y  a t  00  hour s  22 minu tes ,  on 28 August a t  15 hours  26 minutes,  
and on 2 September a t  05 hours  45 minutes  [l, 23. Ordinary
chromospheric  f l a r e s  were r eco rded  from 1 8  through 2 2  September
E31. We have examined t h i s  t i m e  segment to compare t h e  e f f e c t s  
of p r o t o n  and nonproton  f l a r e s .  

I n  most c a s e s ,  s o l a r  f l a r e s ,  and t h e  i n t e n s e  ones i n  pa r 
t i c u l a r ,  r e s u l t  i n  changes i n  t h e  pa rame te r s  c h a r a c t e r i z i n g  t h e  
s t a t e  o f  t h e  e a r t h ' s  magnet ic  f i e l d  and ionosphe re .  I n  t h e  con
v e n t i o n a l  approach [4], t h e  s t a t e  o f  t h e  ionosphe re  i s  cons ide red  
to be d i s t u r b e d  and i s  e v a l u a t e d  i n  p o i n t s  on a s c a l e  when t h e  F2
l a y e r  c r i t i c a l  f r e q u e n c i e s  (AfoF2) d e v i a t e  b y  a t  l e a s t  2 0 %  from t h e  
median v a l u e s  and d e p a r t u r e s  from t h e  u s u a l  s t r u c t u r e  o f  t h e  l a y e r  
a re  observed  f o r  s e v e r a l  hour s .  Magnetograms were i n s p e c t e d  t o  
e v a l u a t e  t h e  s t a t e  o f  t h e  e a r t h ' s  magnet ic  f i e l d  w i t h  t h e  degree
o f  d i s t u r b a n c e  de te rmined  from t h e  K-index; f o r  t h e  ionosphe re ,
t h e  d e v i a t i o n s  AfoF2 were t h e  p r i n c i p a l  s u b j e c t  o f  s t u d y .  I n  t h e  
c a s e  o f  d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  ionosphe re  * s s t r u c t u r e ,  



height - f requency  c h a r a c t e r i s t i c s  fo = $(hl) o b t a i n e d  a t  5- and 
15-minute i n t e r v a l s  were ana lyzed .  The t r u e  N ( h )  p r o f i l e s  were 
computed . 

"Hook" d i s t u r b a n c e s  i n  t h e  ea r th ' s  magnet ic  f i e l d  were 
observed a t  t h e  t i m e s  of t h e  7 J u l y  and 2 September f l a r e s .  
No such d i s t u r b a n c e s  were r e g i s t e r e d  d u r i n g  t h e  p e r i o d  from 18 -
th rough 22 September.  I o n i z a t i o n  i n  t h e  D-region o f  t h e  ionos -
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phere  i n c r e a s e d  d u r i n g  t h i s  t i m e  ( F i g s .  1, 2 ) .  We judged t h e  
i o n i z a t i o n  i n c r e a s e  i n  t he  D-region from t h e  i n c r e a s e  i n  t he  
minimum f r e q u e n c i e s  (fmin).  On t h e  s e v e n t h  o f  J u l y ,  an  i n c r e a s e  
i n  fmin was observed  f o r  approximate ly  two h o u r s ,  w i t h  t h e  larg
e s t  va lues  a t  A l m a - A t a  (Afmin 327%).  On the second of Septem
her, fdnwas n o t  measured d u r i n g  the  f i r s t  hour  o f  t h e  f l a r e  
because o f  t h e  s h a r p l y  i n c r e a s e d  a b s o r p t i o n  (B-index) .  During 
the  hours  t ha t  i ' r l l owed ,  t h e  l a r g e s t  d e v i a t i o n s  o f  fmin were re
p o r t e d  a t  Karaganda (Armin= 1 9 0 % ) .  

I 1 l%6# byrwruT 

Figure  1. A f b E s ,  AfoF2, Afmin,  Ah
P

F2% from 5 J u l y  Through 11 

August 1966 .  1) Karaganda; 2 )  Novo-Kazalinsk; 3 )  A l m a - A t a .  
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F i g u r e  2 .  AfbEs ,  A f o m i n ,  AfoF2, and AhPF2% from 27 August Through 
6 September 1966 .  1) Karaganda; 2 )  Novo-Kazalinsk; 3 )  A l m a - A t a .  

The c r i t i c a l  f r e q u e n c i e s  i n c r e a s e d  s l i g h t l y  i n  t h e  F- reg ion  
a t  t h e  t i m e s  o f  t h e  f l a r e s .  When t h e  f l a r e  occur red  on 28 August
t h e  ionosphere  above Kazakhstan w a s  on t h e  n i g h t  s i d e ,  and no 
wave e f f e c t  appeared .  Nor d i d  i t  appear  from 1 8  through 2 2  Sep
t e m b e r ,  du r ing  a p e r i o d  of o r d i n a r y  choromspheric f l a r e s .  

Storms began i n  t h e  magnet ic  f i e l d  approximate ly  2 2  hours  
a f t e r  t h e  f l a r e s  o f  7 J u l y  and 28 August,  when t h e  g e o e f f e c t i v e
c o r p u s c u l a r  stream a r r i v e d  a t  t h e  e a r t h .  The s torm was moderate 
i n  t h e  f i r s t  case  and m i l d  i n  t h e  second,  i n c r e a s i n g  to moderate 
on 30 August and c o n t i n u i n g  u n t i l  23  hours  on 1 September.  The 
e a r t h ' s  magnet ic  f i e l d  had n o t  q u i t e  had t i m e  t o  q u i e t  down when 
a n o t h e r  p r o t o n  f l a r e  occur red  a t  5 hours  45 minutes  on 2 Septem
b e r ,  and a major  s t o r m  began i n  t h e  magnet ic  f i e l d  on 2 September 
a t  8 hours  23 minu tes ,  c o n t i n u i n g  u n t i l  1 7  hours  on 6 September.  

The major s t o r m  may have r e s u l t e d  from t h e  combined a c t i o n  
of s e v e r a l  f l a r e s ,  i n c l u d i n g  nonproton f l a r e s ,  which occur red  on 
30 August a t  1 5  hour s  45 minutes  and 3 1  August a t  1 hour  1 2  min
u t e s  [ 2 ] .  During t h e  p e r i o d  from 1 8  through 2 2  September,  a 
moderate magnet ic  s t o r m  w a s  r e g i s t e r e d  from 2 hours  52 minutes  
on 1 9  September u n t i l  20 hours  on 20 September,  w i t h  o c c a s i o n a l  
f l a r e u p s  u n t i l  1 4  hours  on 2 1  September,  t h e  l a t t e r  probably  due 
t o  a complex of chromospheric f la res  C31. 

The c o r p u s c u l a r  e f f e c t s  of t h e  f la res  i n  t h e  ionosphere  al
ways took d i f f e r e n t  forms. A f t e r  t h e  f l a r e  o f  7 J u l y ,  t h e  



i o n o s p h e r i c  d i s t u r b a n c e  began 2 1  hours  40 minutes  l a t e r  and d i d  
n o t  exceed 1 p o i n t .  A t  Karaganda, i t  was s ingle-phased  and nega
t i v e ,  w i t h  a d e v i a t i o n  AfoF2 = -24.5%; a t  Novo-Kazalinsk, i t  was 
s ingle-phased  and p o s i t i v e  wi th  AfoF2 = +27.4%; a t  A l m a - A t a ,  i t  
was two-phased n e g a t i v e - p o s i t i v e  w i t h  maximum d e v i a t i o n s  o f  
AfoF2 = -22.7% i n  t h e  n e g a t i v e  phase  and AfoF2 = + 2 4 . 2 %  i n  t h e  
p o s i t i v e  phase  ( F i g .  1). 

On 30 August, approximate ly  two days a f t e r  t h e  f l a r e  o f  28 
August,  an i o n o s p h e r i c  d i s t u r b a n c e  began above t h e  Kazakhstan 123 
s t a t i o n s  (F ig .  2 ) .  It was more i n t e n s e  t h a n  the  p reced ing  storm, 
and a p o s i t i v e  phase  was observed a t  a l l  s t a t i o n s .  I t s  i n t e n 
s i t y  reached  -3 a t  Karaganda, +3 at A l m a - A t a ,  and _+2 a t  Novo-
Kaza l insk .  I n  a d d i t i o n ,  i t  was two-phased n e g a t i v e - p o s i t i v e  a t  
Karaganda, p o s i t i v e - n e g a t i v e  a t  Novo-Kazalinsk, 2nd s i n g l e -
phased p o s i t i v e  b u t  q u i t e  i n t e n s e  ( + 3 )  a t  A l m a - A t a .  While t h e  
i n t e n s i t y  was 1 a f t e r  t h e  f l a r e  of 7 J u l y ,  an i n t e n s i t y  o f  + 2  
predominated a f t e r  t h e  f l a r e  o f  28 August.  The f l a r e  o f  2 Sep
tember  caused a very s t r o n g  ( r 3 )  and p e r s i s t e n t  d i s t u r b a n c e  i n  
t h e  ionosphe re ,  w i t h  a n e g a t i v e  phase a t  a l l  s t a t i o n s  (F ig .  2 ) .  
It began q u i t e  a b i t  e a r l i e r  t h a n  t h e  d i s t u r b a n c e s  fo l lowing  t h e  
f i r s t  two f la res .  A s ing le-phased  n e g a t i v e  d i s t u r b a n c e  was 
r e g i s t e r e d  ove r  Karaganda and Novo-Kazalinsk, w i t h  maximum devia
t i o n s  o f  AfoF2 = -47 .3% a t  Karaganda and AfoF2 = -47.7% a t  Novo-
Kazal insk .  A t  A l m a - A t a ,  i t  w a s  two-phased p o s i t i v e - n e g a t i v e  and 
s t r o n g e r  and more p e r s i s t e n t  t h a n  a t  t h e  o t h e r  two s t a t i o n s .  The 
maximum d e v i a t i o n s  were AfoF2 = +37.5% and -58.1%. On 4 Septem
b e r ,  a day-long t h r e e - p o i n t  n e g a t i v e  d i s t u r b a n c e  was observed 
above Kazakhstan acco rd ing  t o  da ta  from a l l  t h r e e  s t a t i o n s  ( F i g .  
2 ) .  

The c r i t i c a l  f r e q u e n c i e s  were observed  t o  be  s t ab le  d u r i n g  
t h e  d i s t u r b a n c e s  , e s p e c i a l l y  a t  t h e  maxima of t h e  n e g a t i v e  s to rm 
phases .  A s  a r u l e ,  t h e  h e i g h t s  of t h e  l a y e r  maximum hPF2 ( F i g s .  
1 and 2 )  and the  beg inn ing  of  t h e  l a y e r ,  h ' F ,  i n c r e a s e d  s h a r p l y  
a t  t h e  beg inn ing  o f  t h e  n e g a t i v e  phase .  Where t h e  d i s t u r b a n c e  
w a s  p o s i t i v e ,  t hese  h e i g h t s  dec reased .  The h e i g h t  changes were 
p a r t i c u l a r l y  marked a t  t h e  beginnings  and a t  t h e  maxima o f  t h e  
p h a s e s .  The h e i g h t s  h

P
F2 and h 'F  v a r i e d  l e s s  s t r o n g l y  d u r i n g  

p o s i t i v e  d i s t u r b a n c e s  t h a n  d u r i n g  n e g a t i v e  d i s t u r b a n c e s .  

According t o  da ta  from t h e  Karaganda s t a t i o n ,  t h e  l i m i t l n g  
f r e q u e n c i e s  of t h e  s p o r a d i c  E s - l a y e r  i n c r e a s e d  from 8 t o  11 hours  
on 8 J u l y .  The h e i g h t s  h ' E s  showed no a p p r e c i a b l e  change. Very 

h igh  l i m i t i n g  f r e q u e n c i e s  were observed  on 11 J u l y  a t  t h e  th ree  
s t a t i o n s ,  and a l s o  on 1 0  J u l y  above A l m a - A t a  and Novo-Kazalinsk. 
The s h i e l d i n g  f requency  fbEs  i n c r e a s e d  du r ing  t h i s  t i m e .  T h e  

l i m i t i n g  f r e q u e n c i e s  were h i g h e r  from 5 to 7 hours  on 3 1  August 
over  Karaganda. No p a r t i c u l a r  changes i n  Es were r e p o r t e d  a f t e r  
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t h e  2 September f l a r e  i f  w e  d i s c o u n t  a s l i g h t  i n c r e a s e  i n  the  
l i m i t i n g  f requency  foEs a t  A l m a - A t a  from 00 t o  5 hours  on 6 
September and a t  Novo-Kazalinsk from 9 t o  13 hours .  

-&__L Y ;... - .  _ _ ,. . .  
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Figure  3. Y m ( k m ) ;  h m ( k y ) ;  N m C X l O 4 ,  e l /cm31;
n [x lO ' ,  e l /cm31;  N C x l O  , el /cm31 from 30 
August Through 6 September 1966 ,  According t o  
Data from Alma-Ata S t a t i o n .  

Analys is  of  f ive-minute  r eco rd ings  o f  t h e  he ight - f requency
c h a r a c t e r i s t i c s  i n d i c a t e d  t h a t  t h e  s t r u c t u r e  o f  t h e  ionosphe re
v a r i e d  i n  a complex manner d u r i n g  t h e  a c t i v e  phases  o f  t h e  d i s 
t u r b a n c e s .  I n  a d d i t i o n  t o  t h e  s p o r a d i c  f o r m a t i o n s ,  t h e r e  were 
r e f l e c t i o n s  from i n t e r l a y e r s  and a G-region. The b e h a v i o r  o f  
t h e  ionosphe re  from 1 8  through 2 2  September 1 9 6 6  p e r m i t t e d  t h e  
conc lus ion  t h a t  t h e  o r d i n a r y  chromospheric f l a r e  caused no d i s 
tu rbances  i n  t h e  ionosphe re  or geomagnetic f i e l d .  However, t h i s  
conc lus ion  cannot b e  r ega rded  a s  f i n a l ,  s i n c e  t h e r e  i s  as y e t  
no p r e c i s e  d e f i n i t i o n  of  t h e  p r o t o n  f l a r e  [5 ] .  

I t  w a s  found t h a t  a d e c r e a s e  i n  i o n i z a t i o n  a t  t h e  maximum 
of t h e  F - l aye r  (Nmax) on t h e  N ( h )  p r o f i l e s ,  such  as t h a t  on 4 
September 1966 ( F i g .  3 ) ,  when a n e g a t i v e  d i s t u r b a n c e  phase  was 
observed ,  was accompanied by an i n c r e a s e  i n  t h e  h a l f - t h i c k n e s s  
( y m ) .  The h e i g h t  hmax of  t h e  i o n i z a t i o n  maximum v a r i e s  i n  a n t i 
phase w i t h  t h e  h a l f - t h i c k n e s s .  The i o n i z a t i o n  a t  l e v e l s  c o r r e 
sponding t o  1 0 0 ,  1 1 0 ,  and 130 k m  v a r i e s  i n  synchronism w i t h  ym. 
An i n c r e a s e  i n  h a l f - t h i c k n e s s  i n d i c a t e s  expans ion  o f  t h e  l a y e r ,
obvious ly  due t o  h e a t i n g  through d i s s i p a t i o n  o f  t h e  energy o f  
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magnet.ohydrodynamic waves p a s s i n g  downward through t h e  ionos 

phere  [6].  During the  main phase  o f  t h e  d i s t u r b a n c e ,  t h e  t o t a l  

/* 

i o n i z a t i o n  ( n )  and the  i o n i z a t i o n  a t  the  maximum f e l l  o f f  mark

e d l y .  The e l e c t r o n  c o n c e n t r a t i o n  var ied  f o r  the  most p a r t  at 

h e i g h t s  above 130 km and most s t r o n g l y  n e a r  t h e  l a y e r  maximum. 


From comparison o f  t h e  e f f e c t s  of p r o t o n  and nonproton
s o l a r  f l a r e s  i n  t h e  earth 's  magnet ic  f i e l d  and ionosphe re ,  we 
have found tha t  p r o t o n  f la res  caused i n c r e a s e d  a b s o r p t i o n  of  
r a d i o  waves and magneto ionospher ic  d i s t u r b a n c e s .  The a g g r e g a t e
of magnetoionospheric  d i s t u r b a n c e s  caused by p r o t o n  f lares  i s  
complex and v a r i e d ,  and the  number o f  p e r i o d s  s t u d i e d  i s  inade
q u a t e  t o  pe rmi t  any d e f i n i t e  conc lus ions  as t o  the  n a t u r e  o f  t h e  
a c t i o n  of  p r o t o n  f la res  on t h e  ear th ' s  ionosphe re  and geomagnetic 
f i e l d  a t  t h i s  t i m e .  Research i s  b e i n g  con t inued  i n  t h i s  d i r e c 
t i o n  d u r i n g  t h e  1969-1970 s o l a r  maximum a c t i v i t y  (IASY). 
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P A R A M E T E R S  O F  S M A L L - S C A L E  I O N I Z A T I O N  I N H O M O G E N E I T I E S  
I N  T H E  F - R E G I O N  OF T H E  I O N O S P H E R E  

V. I. Drob zhev 

ABSTRACT: The r e s u l t s  o f  a s t u d y  of t h e  param
eters of s m a l l - s c a l e  i o n i z a t i o n  inhomogenei t ies
o f  the  i o n o s p h e r e ' s  F- reg ion  f o r  October-November 
1965 and January-February 1966 a r e  p r e s e n t e d .  It 
i s  shown t h a t  t h e  p o s t  p r o b a b l e  v a l u e s  o f  t h e  i n -
homogeneity parameters  are  as fo l lows :  degree  of 
a n i s o t r o p y  1 . 4 - 2 ;  v e r t i c a l  dimension 200-400 m; 
h o r i z o n t a l  dimensions a long  major and minor axes  
400-1000 and 200-600 m ,  r e s p e c t i v e l y ;  r a t e  o f  
c h a o t i c  motions 30-60 m/sec; l i f e t i m e  6-9 s e c .  
With 1 i l l u s t r a t i o n  and 8 s o u r c e  c i t a t i o n s .  

I n  September 1965, working w i t h  t h e  Ionosphere  S e c t o r  o f  t h e  
Academy o f  Sc iences  o f  t h e  Kazakh SSR, t h e  a u t h o r  began r e d u c t i o n  
o f  o b s e r v a t i o n a l  r e s u l t s  on movements i n  t h e  F2-region o f  t h e  
ionosphere  by  t h e  method of' complete c o r r e l a t i o n  a n a l y s i s ;  even
t u a l l y ,  289 r e c o r d i n g s  o b t a i n e d  i n  October-November 1965 and 
January-February 1966  were p rocessed .  A Minsk-1 e l e c t r o n i c  com
p u t e r  was used t o  c a l c u l a t e  one au to- and s i x  mutual c o r r e l a t i o n  
f u n c t i o n s  from approximate ly  800 d i s c r e t e  ampl i tude  va lues  f o r  
each  r e c o r d i n g .  The formulas  f o r  c a l c u l a t i o n  of t h e  c o r r e l a t i o n  
f u n c t i o n s  and e s t i m a t i n g  t h e i r  e r r o r s  a r e  g iven  i n  c11. 

The c h a r a c t e r i s t i c  Vh and v i r t u a l  V' v e l o c i t i e s  a long  t h e  
5
b a s e l i n e s  and t h e  c o r r e l a t i o n  r a d i u s  ~ 0 are q u i t e  s i m p l y  de te r 

mined from t h e  form o f  t h e  c o r r e l a t i o n  f u n c t i o n s  and t h e  geometry
of t h e  measurement t r i a n g l e .  I t  i s  s u f f i c i e n t  t o  know VA, V', 

5and ~ 0 t o  determine t h e  inhomogeneity pa rame te r s  o f  i n t e r e s t  t o  
us [ 2 ] .  

The form and h o r i z o n t a l  and v e r t i c a l  dimensions of  t h e  sma l l -
s c a l e  inhomogenei t ies  were de te rmined  by c o r r e l a t i o n  a n a l y s i s  and 
c o n s t r u c t i o n  o f  t h e  s o - c a l l e d  c h a r a c t e r i s t i c  e l l i p s e  - t h e  e l 
l i p s e  of  a n i s o t r o p y .  I ts  shape and o r i e n t a t i o n  were used t o  c a l 
c u l a t e  t h e  p r o l a t e n e s s  pa rame te r  l = a/b ( a  and b are t h e  major
and minor axes  o f  t h e  e l l i p s e ) ,  t h e  a n g l e  a ( t h e  p r e f e r r e d  d i r e c 
t i o n  o f  t h e  p r o l a t e n e s s ) ,  and Amax and Amin ( t h e  dimensions o f  
t h e  e l l i p s e  along i t s  major  and minor a x e s .  S t r i c t l y  speak ing ,
i t  i s  t h e  form and dimensions o f  d i f f r a c t i o n - p a t t e r n  s p o t s  on t h e  
s u r f a c e  of t h e  ear th  t h a t  are d e f i n e d  here.  The e x t e n t  t o  which 
the  p r o p e r t i e s  o f  t h e  d i f f r a c t i o n  p a t t e r n  conform t o  t h o s e  o f  t h e  
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i onosphe re  remains t o  b e  de te rmined .  However, i t  has  been 
p o i n t e d  o u t  i n  c e r t a i n  t h e o r e t i c a l  s t u d i e s  t h a t  i f  t h e  working
wavelength i s  s h o r t e r  t h a n  the  inhomogeneity dimensions and t h e  
s i g n a l  i s  shaped i n  a r e f l e c t i o n  r e g i o n ,  t h e  h o r i z o n t a l  dimen
s i o n s  o f  t h e  inhomogene i t i e s  i n  t h e  ionosphe re  and t h e  p a t t e r n  
on t h e  ear th’s  s u r f a c e  c o i n c i d e  on t h e  average  [ 3 ] .  I n  view of 
t h i s ,  w e  can speak  only  of c e r t a i n  e f f e c t i v e  inhomogeneity dimen- /28
s i o n s .  

F i g u r e  1. D i s t r i b u t i o n  Histograms of a ,  b )
Inhomogeneity Dimensions Along Axes of Char
a c t e r i s t i c  E l l i p s e ;  c )  Degree of  Anisotropy;  
d )  D i r e c t i o n  of P r o l a t e n e s s ;  e ,  f )  Magnitude 
and D i r e c t i o n  o f  D r i f t  Rate;  g )  Inhomogeneity
L i f e t i m e ;  h )  V e l o c i t y  o f  Chaot ic  Motions ; i)  
V e r t i c a l  Dimension of Inhomogenei t ies .  
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It i s  e v i d e n t  f r o m  t h e  r e s u l t s  of p r o c e s s i n g  of t h e  r e c o r d s  
o b t a i n e d  i n  October-November 1965 and January-February 1966  t h a t  
t h e  r a t i o  o f  t h e  axes o f  t h e  c h a r a c t e r i s t i c  e l l i p s e  v a r i e s  from 
1 (which cor responds  t o  t h e  i s o t r o p i c  c a s e )  t o  3 . 8 ,  w i t h  t h e  most 
p robab le  va lue  of 1 i n  t h e  range  from 1.4 t o  2 ( F i g .  IC) .  The 
a n g l e  01 v a r i e s  from 0 t o  60° ,  w i t h  a most p robab le  va lue  o f  30
4 5 O  ( F i g .  I d ) .  The parameter 1 i s  n o t  observed  t o  depend on t h e  
t i m e  of  day or t h e  season .  The  expe r imen ta l  v a l u e s  o b t a i n e d  f o r  
-1 and 01 conf i rm t h e  p r e v i o u s l y  p o s i t e d  shape  a n i s o t r o p y  o f  t h e  
s m a l l - s c a l e  inhomogene i t i e s ,  w i t h  p r e f e r e n t i a l  o r i e n t a t i o n  a long
the  magnetic f i e l d  [4]. 

The shape  a n i s o t r o p y  of  t h e  inhomogenei t ies  can be e x p l a i n e d
by t h e  d i f f e r e n c e  between t h e  c o e f f i c i e n t s  o f  d i f f u s i o n  a long  and 
a c r o s s  t h e  e a r t h ' s  magnet ic  l i n e s  of f o r c e  ( D 1 1  > D 1 ) .  Here t h e  
o r i g i n a l l y  i s o t r o p i c  e l e c t r o n  fo rma t ion  i s  s t r e t c h e d  o u t  i n  t h e  
d i r e c t i o n  of t h e  magnet ic  f i e l d .  C a l c u l a t i o n s  of  t h e  l i f e t i m e  
and d i s t e n s i ' o n  of t h e  inhomogeneity conf i rm t h i s  h y p o t h e s i s  [ S I .  

The h o r i z o n t a l  dimensions of  s m a l l - s c a l e  inhomogenei t ies  
a r e  c a l c u l a t e d  by t h e  formula 

5where ~ 0 i s  t h e  c o r r e l a t i o n  r a d i u s ,  which s a t i s f i e s  t h e  r e l a t i o n  
p i j ( . c 0 5 )  = 0 . 5 ;  Vh i s  t h e  v a l u e  o f  t h e  c h a r a c t e r i s t i c  v e l o c i t y  
a long  t h e  minor and major  axes  of t h e  e l l i p s e  of a n i s o t r o p y .  

The d i s t r i b u t i o n  of t h e  inhomogeneity dimensions a long  t h e  
major ( A m a x )  and minor (Amin-) axes  o f  t h e  c h a r a c t e r i s t i c  e l l i p s e  
i s  shown i n  t h e  f i g u r e .  To judge  from t h e  h i s t o g r a m s ,  t h e  i n -
homogeneity dimensions v a r y  from 200 t o  2200 m f o r  Amax and from 
200 t o  1 4 0 0  m f o r  Amin,  w i t h  dimensions of  t h e  o r d e r  o f  40(T-1000 

and 200-600 m encountered  most f r e q u e n t l y  a long  t h e  major and 
minor axes ,  r e s p e c t i v e l y .  It must be no ted  t h a t  t h e s e  v a l u e s  a r e  
i n  r a t h e r  good agreement w i t h  c a l c u l a t e d  va lues  f o r  t h e  l i n e a r  
s c a l e  o f  t h e  inhomogenei t ies  [ 6 ]  and w i t h  t h e  r e s u l t s  of e x p e r i 
mental  s t u d i e s  by  o t h e r  a u t h o r s  [ 4 ] .  

Recordings o b t a i n e d  i n  October-November 1965 ( b y  f requency-
d i v e r s i t y  r e c e p t i o n )  were u s e d t o  e v a l u a t e  t h e  v e r t i c a l  dimensions 
of s m a l l - s c a l e  i o n i z a t i o n  inhomogene i t i e s .  The d e t e r m i n a t i o n  of 
Av w a s  based on a s i m p l i f i e d  model C71. Assume t h a t  t h e  ionos 
phe re  i s  sounded by p u l s e s  a t  f o u r  f r e q u e n c i e s  f l ,  f p ,  f 3 ,  and f 4 ,  
w i t h  A f  = I f p  - f l l ,  I f 3  - f 2 )  e t c .  < f 1 ,  f p ,  f 3 ,  f 4 .  These f o u r  /30 
waves a r e  r e f l e c t e d  from t h e i r  d i f f e r e n t  l e v e l s  i n  t h e  ionosphe re .
Then A f  = If ,  - f l l  w i l l  cor respond t o  Az = Iz2  - z1  1 ,  t h e  s h i f t  
o f  t h e  r e f l e c t i o n  l e v e l s  of t h e  waves w i t h  d i f f e r e n t  f r e q u e n c i e s ;  
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z1 and 2 2  are t h e  r e s p e c t i v e  d i s t a n c e s  from the  s u r f a c e  o f  t h e  
ear th  to the  p o i n t s  o f  r e f l e c t i o n  o f  f r e q u e n c i e s  f l  and f 2 ;  A f  = 
= I f 3  - f l l  w i l l  co r r e spond  t o  Az = 1 2 3  - Z I I  e t c .  The d i s t a n c e  
between t h e  r e f l e c t i o n  l e v e l s  w i l l  i n c r e a s e  w i t h  i n c r e a s i n g
s e p a r a t i o n  o f  t h e  s i m u l t a n e o u s l y  radiated f r e q u e n c i e s .  The ef
f e c t  i s  tha t  o f  two s c r e e n s  w i t h  random f i e l d  d i s t r i b u t i o n .  The 
mutual  c o r r e l a t i o n  c o e f f i c i e n t  R1 3/ i j  = 1, 2 ,  3 ,  4 may s e r v e  as 
a q u a n t i t a t i v e  i n d e x  t o  t h e  p r o p e r t y  s i m i l a r i t y  o f  these t a r g e t s .
The mutual  c o r r e l a t i o n  c o e f f i c i e n t  i s  1 f o r  a frequency sepa ra 
t i o n  Af = OlAz = 01. The Az w i l l  i n c r e a s e  and the  R

i j  
d e c r e a s e  

w i t h  i n c r e a s i n g  A f ,  s i n c e  the f i e l d  on the  s c r e e n s  w i l l  show 
g r e a t e r  d i f f e r e n c e s  i n  d e t a i l .  

I n  p r a c t i c e ,  t h e  f i e l d s  can be  assumed independent  i f  the 
mutual c o r r e l a t i o n  c o e f f i c i e n t  R < 0 . 5 .  T h i s  va lue  o f  R i s

i j  - i j
known as t h e  r a d i u s  o f  t h e  f requency  c o r r e l a t i o n  [8] .  The s h i f t  
Az o f  t h e  r e f l e c t i o n  r e g i o n s  co r re spond ing  t o  t h e  frequency-cor
r e l a t i o n  r a d i u s  can b e  t a k e n  as a c e r t a i n  e f f e c t i v e  v e r t i c a l  d i 
mension o f  t h e  s m a l l - s c a l e  inhomogenei t ies  [71. Gene ra l ly  speak
i n g ,  t h i s  h o l d s  i f  t h e  inhomogeneous s t r u c t u r e  o f  t h e  f i e l d s  cor 
responds  t o  the inhomogeneous s t r u c t u r e  o f  t h e  medium i t s e l f .  
The method and r e s u l t s  o f  c a l c u l a t i o n  o f  t h e  f r equency-co r re l a 
t i o n  r a d i u s  and A Z  - t h e  r e f l e c t i o n - r e g i o n  s h i f t  - a r e  s e t  f o r t h  
i n  C81. 

It w a s  found t h a t  t h e  e f f e c t i v e  v e r t i c a l  dimensions of t h e  
s m a l l - s c a l e  inhomogene i t i e s  vary from 1 0 0  t o  2000 m ,  and t h a t  d i 
mensions of t h e  ordep  of  200-400 m are most f r e q u e n t l y  encount
ered. No p a r t i c u l a r  dependence of the  v e r t i c a l  dimensions on 
t i m e  of day w a s  d e t e c t e d ;  t h e r e  was on ly  a n  i n s i g n i f i c a n t  t e n 
dency toward smaller dimensions w i t h  t h e  t r a n s i t i o n  from day t o  
n i g h t .  

Comparing t h e  e x p e r i m e n t a l  data o b t a i n e d  on t h e  v e r t i c a l  d i 
mensions and t h e  r e s u l t s  o f  ho r i zon ta l -d imens ion  measurements, 
w e  may conclude t h a t  t h e  inhomogenei t ies  are c h a r a c t e r i z e d  by an 
approximate ly  volume-symmetrical  shape ( c o n s i d e r i n g  t h e  small 
a n i s o t r o p y  of t h e  inhomogenei t ies  i n  t h e  h o r i z o n t a l  p l a n e ,  1 = 
= 1 . 4  - a, and t h e  s i m p l i f y i n g  assumptions adopted  i n  c a l c u l a t i o  
of t h e  v e r t i c a l  and h o r i z o n t a l  d imens ions ) .  

Regular d r i f t  of i nhomogene i t i e s .  The d r i f t  r a t e  w a s  d e t e r 
mined from t h e  r e l a t i o n s h i p  

Ve'2Yo=-2V' ' 

where T; i s  t h e  c h a r a c t e r i s t i c  v e l o c i t y  i n  t h e  d i r e c t i o n  of d r i f t  

and V' i s  the  v i r t u a l  v e l o c i t y  o b t a i n e d  from t h e  t ime s h i f t s  of  
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t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n s .  

D r i f t  -rat e magnitude and d i r e c t i o n  d i s t r i b u t i o n  h is tograms 
are g iven  i n  F i g .  1 (e ,  f ) .  We f i n d  t h a t  r e g u l a r  d r i f t  occurs  
i n  the  F2-layer  w i t h  v e l o c i t i e s  from 0 t o  200 m/sec. The most 
p robab le  v e l o c i t y  v a l u e s  l i e  i n  t h e  r ange  from 20 t o  60 m/sec.
Comparing these r e s u l t s  w i t h  d a t a  on t h e  d i s t r i b u t i o n  of  t h e  
d r i f t  v e l o c i t i e s  V '  determined by t h e  f a d i n g - s i m i l a r i t y  method, 
we soon n o t e  t h a t  t h e  d r i f t  r a t e  Vd i s  u s u a l l y  smaller t h a n  V ' .  
Chaot ic  motions are  e v i d e n t l y  an  impor t an t  f a c t o r  i n  t h e  motions 
of s m a l l - s c a l e  inhomogene i t i e s .  The method of  complete c o r r e l a 
t i o n  a n a l y s i s  t a k e s  t h e s e  motions i n t o  accoun t ,  s o  t h a t  

Chaot ic  motions are  a l s o  impor t an t  i n  t h e  ionosphe re .  The 
r a t e  o f  t h e  c h a o t i c  p r o c e s s e s  was c a l c u l a t e d  by  t h e  fo l lowing  f o r 
mula i n  t h e  a p p l i c a t i o n  o f  c o r r e l a t i o n  a n a l y s i s :  

v---vv,'2-vg2,1 

c- 2 

where Vd i s  t h e  c h a r a c t e r i s t i c  v e l o c i t y  and VD i s  t h e  r e g u l a r  
d r i f t  r a t e .  

Gene ra l ly  speak ing ,  t h e r e  i s  no c l e a r  p h y s i c a l  i n t e r p r e t a 
t i o n  of  Vc,  a l t hough  it c h a r a c t e r i z e s  t o  some e x t e n t  t h e  degree  
t o  which c h a o t i c  v a r i a t i o n s  a f f e c t  t h e  s t a t e  o f  t h e  d i f f r a c t i o n  
p a t t e r n  a t  t h e  s u r f a c e  o f  t h e  ear th .  The v e l o c i t y  of t h e  c h a o t i c  
motions v a r i e s  f r o m  1 t o  150  m/sec, w i t h  t h e  most p robab le  va lue  
of Vc i n  t h e  range  from 30 to 60 m/sec ( F i g .  l e ) .  Cons iderable  
i n t e r e s t  a t t a c h e s  t o  t h e  d i s t r i b u t i o n  o f  t h e  v e l o c i t y  r a t i o  of 
t h e  c h a o t i c  motions and t h e  r e g u l a r  d r i f t ,  i . e . ,  vc/ VD. It i s  

found t h a t  Vc/VD v a r i e s  from 0 t o  3 .5 ,  w i t h  va lues  o f  t h e  o r d e r  
of  1 and 2 encountered  most o f t e n .  Consequent ly ,  t h e  r a t e s  of 
c h a o t i c  p r o c e s s e s  exceed t h e  r e g u l a r  d r i f t  v e l o c i t i e s  of  t h e  
sma l l - sca l e  inhomogene i t i e s .  

The c o r r e l a t i o n  a n a l y s i s  i n d i c a t e s  t h a t  t h e  r a t e s  o f  t h e  /32
c h a o t i c  v a r i a t i o n s  are  r e l a t ed  t o  a n o t h e r  pa rame te r ,  T

C '  
which 

c h a r a c t e r i z e s  t h e  d i s s o l u t i o n  o f  t h e  inhomogenei t ies  i n  t h e  r e l a 
t i o  ns h i p  

2 7  




l l l l l l  I l l  I 1 

5where ~ 0 i s  t h e  t ime  c o r r e l a t i o n  r a d i u s ,  Vc i s  the  r a t e  of t h e  

c h a o t i c  p r o c e s s e s ,  and Vh i s  t h e  c h a r a c t e r i s t i c  v e l o c i t y  i n  t h e  
d i r e c t i o n  o f  t h e  d r i f t  v e l o c i t y .  

The r e s u l t s  o f  c a l c u l a t i o n  of  T ~ ,t h e  " l i f e t i m e "  o f  t h e  i n -
homogenei t ies ,  appear  i n  F i g .  l g .  T~ v a r i e s  from 3 t o  1 5  s e c .  
The most p robab le  v a l u e  l i e s  i n  t he  6-9-second r a n g e .  

The d i s s o l u t i o n  o f  s m a l l - s c a l e  inhomogene i t i e s  i s  governed
by d i f f u s i o n  p r o c e s s e s ,  t u r b u l e n t  mixing o f  t h e  medium, and a l s o  
p o s s i b l y  on t h e  c h a o t i c  motions o f  t h e  inhomogeneous format ions  
themselves .  The c o n t r i b u t i o n  o f  each o f  t h e s e  f a c t o r s  t o  t h e  
c h a o t i c  v a r i a t i o n  has no t  y e t  been e s t a b l i s h e d ,  a l though  i t  i s  
known t h a t  t h e y  p l a y  an impor t an t  r o l e  i n  t h e  behav io r  o f  t h e  
ionosphe re .  

C O N C L U S I O N S  

1. The e x p e r i m e n t a l  r e s u l t s  conf i rm t h e  p r o l a t e n e s s  o f  sma l l -
s c a l e  inhomogenei t ies  w i t h  1.% 1 . 4  - 2 and t h e  most f r e q u e n t l y
encountered  a % 30-45O. 

2 .  The h o r i z o n t a l  dimensions o f  t h e  inhomogenei t ies  a long  
t h e  major and minor axes o f  t h e  c h a r a c t e r i s t i c  e l l i p s e  a r e  400
1 0 0 0  and 200-600 m y  r e s p e c t i v e l y .  The most p robab le  v e r t i c a l  
dimensiop o f  t h e  s m a l l - s c a l e  inhomogenei t ies  i s  200-400 m ,  i . e . ,  
approximately e q u a l  t o  t h e  h o r i z o n t a l  dimension.  

3. The v e l o c i t i e s  o f  r e g u l a r  inhomogeneity d r i f t  (30-40
d s e c )  determined by the  method o f  complete c o r r e l a t i o n  a n a l y s i s  
were found t o  be  lower t h a n  t h o s e  c a l c u l a t e d  b y  t h e  f ad ing -
s i m i l a r i t y  method (40-70 m/sec) . The c h a o t i c  motions have ve lo 
c i t i e s  o f  30-60 m/sec. 

4 .  The most p robab le  v a l u e  of t h e  d i s s o l u t i o n  t i m e  T~ o f  t h e  
inhomogenei t ies  i s  6-9 seconds .  
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R A D I O A S T R O N O M I C A L  M E A S U R E M E N T  OF A B S O R P T I O N  

T.K. Yakovets 

ABSTRACT: D iu rna l  and s e a s o n a l  a b s o r p t i o n  curves  
measured by a r ad ioas t sonomica l  method a t  A l m a - A t a  
d u r i n g  the  IQSY (1964-1965) are submi t t ed .  The 
a p p a r a t u s  i s  d e s c r i b e d .  The dependence o f  absorp
t i o n  on s o l a r  f l a r e s  i s  i n d i c a t e d .  

During t h e  I Q S Y  (1964-1965), i o n o s p h e r i c  a b s o r p t i o n  was 
measured i n  t h e  Ionosphere  S e c t o r  o f  t h e  Academy o f  Sc iences  o f  
t h e  Kazakh SSR i n  t h e  p r o c e s s  o f  r e g i s t e r i n g  t h e  cosmic r a d i o  
emiss ion  a t  2 4 . 6  MHz. T h i s  method of  measuring a b s o r p t i o n  ( A 2 )  
y i e l d s  cont inuous  round-the-clock a b s o r p t i o n  data; i t  r e q u i r e s
uncomplicat 'ed equipment t h a t  does n o t  i n c l u d e  r a d i o  t r a n s m i t t i n g  
d e v i c e s  and,  consequen t ly ,  does n o t  c r e a t e  n o i s e .  T h i s  method can 
be  used t o  measure t h e  anomalously s t r o n g  a b s o r p t i o n  du r ing
i o n o s p h e r i c  d i s t u r b a n c e s ,  when t h e  p u l s e  method cannot  b e  used 
because  of  t h e  s t r o n g  a b s o r p t i o n  a t  low f r e q u e n c i e s .  T h i s  method 
p e r m i t s  i n f e r e n c e s  as to t h e  h e i g h t  of  t h e  abso rb ing  r e g i o n  when 
s e v e r a l  r i o m e t e r s  are  used a t  d i f f e r e n t  f r e q u e n c i e s  a t  t h e  same 
s t a t i o n  [l] and can b e  used  t o  s tudy  chromospheric f l a r e s  on t h e  
sun  [ 2 ] .  Unlike t h e  p u l s e  method, method A 2  .makes i t  p o s s i b l e  
t o  measure t h e  t o t a l  a b s o r p t i o n  i n  t h e  ionosphe re ,  which can be 
broken down i n t o  t h e  a b s o r p t i o n s  i n t r o d u c e d  by t h e  s e p a r a t e  l a y e r s
[ 3 ,  4 1 .  To o b t a i n  t h e  f i n a l  a b s o r p t i o n  da ta ,  i t  i s  necessa ry  to 
perform measurements th roughout  an e n t i r e  y e a r .  Only t h e n  does 
i t  become p o s s i b l e  to c o n s t r u c t  a quie t -day  (unabsorbed- leve l )  
curve .  It i s  known t h a t  t h e  cosmic n o i s e  l e v e l  i s  h i g h e s t  when 
t h e  i o n i z a t i o n  o f  t h e  ionosphe re  i s  a t  minimum, i . e . ,  i n  t h e  
l a t e r  hours  of t h e  n i g h t .  To p r e s e n t  t h e  complete d i u r n a l  curve 
of t h e  unabsorbed l e v e l ,  t h e r e f o r e ,  i t  i s  necessa ry  t o  have ob
s e r v a t i o n s  t a k e n  o v e r  t h e  y e a r  a t  a l l  s i d e r e a l  times. The r a t i o  
o f  t h e  unabsorbed cosmic-noise l e v e l  and t h e  observed  l e v e l  a t  
t h e  same s i d e r e a l  t i m e  e x p r e s s e s  t h e  amount o f  a b s o r p t i o n :  

Here P i s  t h e  power o f  t h e  cosmic n o i s e  t ha t  has passed  through /35
t h e  ionosphere  and a r r i v e d  a t  t h e  r e c e i v e r  i n p u t  and PO i s  t h e  
power of t h e  cosmic r a d i o  emiss ion  r e c e i v e d  by t h e  r e c e i v e r  i n  
t h e  absence o f  i o n o s p h e r i c  a b s o r p t i o n .  
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ApEra t -us  f o r  r e g i s t r a t i o n  o f  
c o s ~ i cn o i s e .  A s imp le  appa ra tus
c o n s i s t i n g  of an R-250M r e c e i v e r ,  
a n  EPP-09 au tomat i c  r e c o r d e r ,  and 
a Yagi a n t e n n a  ( F i g .  1) w a s  used .  

The s i g n a l  from t h e  in t e rmed i 
a te - f requency  o u t p u t  o f  t h e  re
c e i v e r  was f e d  through a cathode 
fo l lower  t o  a d iode  d e t e c t o r  ( D ) ,
from whose l o a d  i t  proceeded to 
t h e  au tomat i c  r e c o r d e r .  The 
r e c o r d  w a s  c a l i b r a t e d  w i t h  a n o i s e  
g e n e r a t o r  (NG), f o r  which purpose 
t h e  n o i s e  g e n e r a t o r  w a s  connected 
t o  t he  r e c e i v e r  i n p u t  i n s t e a d  o f  
t h e  an tenna  by means of a swi t ch .  
The g e n e r a t o r ' s  output-power l e v e l  
w a s  s e t  i n  such  a way tha t  t he  de
f l e c t i o n  o f  t h e  r e c o r d e r  pen would 
s i g n a l  t r a c e .  

S t a b i l i z e d  power s o u r c e s  were 
t h e  r e c e p t i o n  channel  c h a r a c t e r i s t i c s .  

7 

R-2.50' D
F--EPP-09 

&I 
F i g u r e  1. Block Diagram
o f  Apparatus f o r  Absorp
t i o n  Measurement. 

cor respond t o  t h e  l e v e l  of t h e  

used ,  e n s u r i n g  s t a b i l i t y  o f  

The  an tenna  was p o i n t e d  a t  P o l a r i s .  This p o i n t i n g  was 
s e l e c t e d  i n  o r d e r  t o  reduce  t h e  s t e l l a r  component du r ing  r e g i s 
t r a t i o n  of t h e  cosmic n o i s e .  The r e g i o n  of  P o l a r i s  i s  s e e n  a t  
a c e r t a i n  c o n s t a n t  a n g l e  from any p o i n t  on t h e  e a r t h .  Even 
though t h e  r e g i o n  of  t h e  c e l e s t i a l  s p h e r e  around P o l a r i s  t h a t  
i s  beamed by t h e  major  l obe  of t h e  an tenna  p a t t e r n  i n c l u d e s  d i s -
Cre te  r a d i o  s o u r c e s ,  t h e  r e c e i v e d  n o i s e  l e v e l  w i l l  n o t  vary ap- /*
p r e c i a b l y  ove r  t h e  s i d e r e a l  day,  s i n c e  t h i s  e n t i r e  zone o f  t h e  
c e l e s t i a l  s p h e r e ,  r o t a t i n g  around P o l a r i s  on t h e  c e l e s t i a l  a x i s ,  
remains a t  a l l  t i m e s  i n  t h e  beamed r e g i o n ,  and t h e  o v e r - a l l  r a d i o  
emiss ion  does n o t  va ry .  

Res-uuts. -ofmeas-urements. P r e v i o u s l y ,  w e  had processed  
t r a c e s  o f  t h e  cosmic-noise i n t e n s i t y  d u r i n g  t h e  I Q S Y  (1964-1965)
by a method developed by t h e  Leningrad A r c t i c  and A n t a r c t i c  
S c i e n t i f i c - R e s e a r c h  I n s t i t u t e  [SI. The a b s o r p t i o n  v a l u e s  ob
t a i n e d  were of t h e  o r d e r  o f  1 .5-2 .5  d B ,  or a t  v a r i a n c e  w i t h  t h e  
t h e o r e t i c a l l y  c a l c u l a t e d  a b s o r p t i o n  f o r  t h i s  f requency ( 2 4 . 6  MHz).
I n  a d d i t i o n ,  t h e  s e a s o n a l  v a r i a t i o n  o f  a b s o r p t i o n  i n  1965  was 
found t o  b e  t h e  o p p o s i t e  of t h a t  observed  i n  1964. Measurements 
over  t h i s  p e r i o d  were t h e r e f o r e  r e p r o c e s s e d  w i t h  c o n s i d e r a t i o n ,  o f  
procedure  changes proposed by M . D .  F l i g e l '  and N . A .  Kochenova 
[ I Z M I R  AN SSSR ( I n s t i t u t e  o f  T e r r e s t r i a l  Magnetism, t h e  Ionos
phe re ,  and Radio Wave P ropaga t ion  o f  t h e  Academy o f  Sc iences  o f  
t h e  USSR)]. 
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Diurna l  v a r i a t i o n?L, dB 
o f  a b s o r p t i o n .  I n  most 
c a s e s ,  maximum absorp
t i o n  i s  observed  a t  
noon ( F i g .  2 ) .  On ce r 
t a i n  cu rves  ( J a n u a r y ) ,  

March 86 September t h e  maximum i s  s h i f t e d  
04. toward t h e  evening

44 02 h o u r s .  I n  SeptemberQ.2 48 and October ,  t h e  d i u r 00 

n a l  v a r i a t i o n  o f  absorp

06 October t i o n  i s  less  pronounced.w 44. The maximum a b s o r p t i o n82. 02. 
QU. UO i s  0.8 dB (May-June).

Negat ive  v a l u e s  i n d i 
0 4 8 f2 fb 20 D 4 8 t'2 f6 20 c a t e  that t he  power of 

t h e  cosmic r a d i o  emis-F igure  2 .  D iu rna l  V a r i a t i o n  o f  Cosmic- s i o n  w a s  greater a t  /37
Noise Absorpt ion.  t h i s  t i m e  t h a n  the 

n o i s e  power acco rd ing  
t o  t h e  qu ie t -day  curve .  

Such cases  were p o s s i b l e  because  the  quiet-day cu rve  w a s  derived 
i n  accordance with the  t h i r d  maximum value f o r  each hour .  

I 
N IY Yl rx/ .r Ill 

Months 

F i g u r e  3.  Seasona l  Variation of Absorp
t i o n .  I) 1965; 2 )  1964. 

Seasona l  v a r i a t i o n  o f  a b s o r p t i o n .  Absorp t ion  i s  cons ide r 
a b l y  s t r o n g e r  i n  t h e  summer months t h a n  i t  i s  i n  w i n t e r  ( F i g .  3 ) .
The lowes t  a b s o r p t i o n  v a l u e s  are observed  i n  February  and October .  
The h i g h e r  a b s o r p t i o n s  i n  December and Janua ry  can a p p a r e n t l y  b e  
e x p l a i n e d  i n  t e r m s  o f  t he  w i n t e r  anomaly. The s e a s o n a l  absorp
t i o n  curves  f o r  1 9 6 4  and 1965 a g r e e  q u i t e  c l o s e l y .  

Absorpt ion of  cosmic n o i s e  d u r i n g  s o l a r  f l a res .  To d e t e r 
mine t h e  manner i n  which a b s o r p t i o n  i s  a f f e c t e d  by solar chromo
s p h e r i c  f l a r e s ,  w e  ana lyzed  t r a c e s  o f  t h e  cosmic n o i s e  a c q u i r e d  
over  three months ( J u l y ,  August, September) i n  1 9 6 6 .  It was 
n o t e d  t h a t  a b s o r p t i o n  i n c r e a s e d  s u b s t a n t i a l l y  d u r i n g  solar 
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chromospheric  f la res .  Larger  a b s o r p t i o n  i n c r e a s e s  cor respond t o  
more i n t e n s e  f l a r e s .  Thus, t h e  cosmic-noise l e v e l  dropped to 
z e r o  d u r i n g  t h e  f l a r e  o f  2 September 1966 .  The a b s o r p t i o n  data 
were compared w i t h  t he  minimum r e f l e c t i o n  frequency fmin and w i t h  

f i e l d - s t r e n g t h  measurements. During t h e  s t r o n g  f l a r e s  o f  2 Sep
tember  and 9 J u l y ,  the  D e l l i n g e r  e f f e c t  i n t e r v e n e d  and t h e  
s i g n a l  from t h e  r a d i o  s t a t i o n  was n0.t monitored.  I n  t he  o t h e r  
c a s e s  ( 3 1  August, 8 September , l4  S e p t e m b e r ) , t h e  minimum r e f l e c 
t i o n  f r e q u e n c i e s  i n c r e a s e d  o v e r  t h o s e  o f  t h e  q u i e t  p e r i o d ,  w h i l e  
t h e  f i e l d - s t r e n g t h  t r a c e s  showed no e f f e c t s  from the  f lares  
( T a b l e ) .  

CONCLUSIONS 

1. I n  t h e  m a j o r i t y  o f  c a s e s ,  t h e  monthly-average d i u r n a l  
v a r i a t i o n  o f  a b s o r p t i o n  i s  q u i t e  c l e a r l y  i n  ev idence .  The ab
s o r p t i o n  maximum occur s  d u r i n g  t h e  midday hours  and t h o s e  i m 
media te ly  p r e c e d i n g  and f o l l o w i n g .  

2 .  The s e a s o n a l  a b s o r p t i o n  curve  has  i t s  maxima i n  May-
J u l y  and i t s  minima i n  February  and October .  The w i n t e r  anomaly
i s  observed  i n  December-January . 

3. A d i s t i n c t  r e l a t i o n  i s  t r a c e d  between a b s o r p t i o n  i n c r e a s e  
and chromospheric f l a r e s  on t h e  sun .  
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T H E  I O N O S P H E R E  A B O V E  A L M A - A T A  D U R I N G  A 
S O L A R  E C L I P S E  

M.P. Rudina and P.Ye.  Kozina 

ABSTRACT: The i n f l u e n c e  of  t h e  s o l a r  e c l i p s e  ob
s e r v e d  a t  A l m a - A t a  on 2 3  November 1965 on t h e  
pa rame te r s  o f  t h e  ionosphere  i s  examined. The 
e c l i p s e  e f f e c t  w a s  man i fe s t ed  d u r i n g  t h e  second 
phase:  t h e  i o n i z a t i o n  of t h e  F1- and F2-layers
dec reased  and t h e  minimum e f f e c t i v e  h e i g h t s  of  
E and F2 i n c r e a s e d  due t o  recombina t ion  p r o c e s s e s .
The manner i n  which e l e c t r o n  d e n s i t y  i s  d i s t r i b u t e d  
ove r  t h e  l e v e l s  w a s  a s c e r t a i n e d  from a n a l y s i s  o f  
N ( t )  cu rves .  

It i s  known t h a t  e c l i p s e s  o f  t h e  sun  have a p p r e c i a b l e  i n 
f l u e n c e  on t h e  ionosphe re :  e l e c t r o n  c o n t e n t  d e c r e a s e s ,  and t h e  
e f f e c t i v e  l a y e r  h e i g h t s ,  t h e  d i s t r i b u t i o n  of e l e c t r o n  concent ra 
t i o n ,  and o t h e r  c h a r a c t e r i s t i c s  undergo changes.  

Data on t h e  i n f l u e n c e  of t h e  s o l a r  e c l i p s e  of  2 3  November 
1965  on t h e  ionosphe re  were a c q u i r e d  by v e r t i c a l  sounding.  An 
a n n u l a r  p a r t i a l  s o l a r  e c l i p s e  was observed  d u r i n g  t h e  morning
hours ,  w i t h  a maximum o b s c u r a t i o n  of 0 .75 a t  7 hours  37 minutes  
(75' E t i m e ) .  The  b e g i n n i n g  of  t h e  e c l i p s e  co inc ided  w i t h  sun
r i se  ( F i g .  1, a and b ) .  

The parameters  o f  t h e  ionosphe re  on t h e  day of  t h e  e c l i p s e  
and on c o n t r o l  days were measured w i t h  an A I S  i o n o s p h e r i c  re
co rde r .  The i o n o s p h e r i c  r e c o r d s  were r e g i s t e r e d  a t  15-minute 
i n t e r v a l s  d u r i n g  t h e  c o n t r o l  p e r i o d ,  every  5 minutes  on t h e  day
of t h e  e c l i p s e ,  and con t inuous ly  d u r i n g  t h e  e c l i p s e .  A computer 
was used to o b t a i n  t h e  t r u e  h e i g h t s  from t h e  i o n o s p h e r i c  r e c o r d s ,  
and t h e s e  h e i g h t s  were used  to e v a l u a t e  t h e  e f f e c t i v e  recombina
t i o n  c o e f f i c i e n t  and de termine  t h e  t i m e  r e l a t i o n s h i p s  f o r  t h e  
a l t i t u d e  d i s t r i b u t i o n  of  e l e c t r o n  d e n s i t y .  

Cr i t i - ca l  f r e q u e n c i e s .  On t h e  day of  t h e  e c l i p s e  ( F i g .  l a ) ,
t h e  s t r a t i f i c a t i o n  of t h e  r e g i o n  i n t o  F-, F1-, and F2- layers  was 
i n d i s t i n c t  ( L ) .  The v a l u e s  o f  f o F l  a f t e r  t h e  e c l i p s e  d i f f e r e d  
l i t t l e  from t h e  ave rages  f o r  t h e  c o n t r o l  days ,  w h i l e  f o E  had de
c reased  by about  0 . 5  MHz. During t h e  e n t i r e  p e r i o d  of s u n l i g h t
a f t e r  t h e  e c l i p s e ,  r e f l e c t i o n s  from t h e  s p o r a d i c  E-layer  were ob
s e r v e d ,  w i t h  l i m i t i n g  f r e q u e n c i e s  up to 4 MHz. 
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Figure  1. Curves of f and h 1  
on 23  November 1 9 6 5 ,  75"E 
T i m e .  a )  1) C r i t i c a l  Ordi
nary-Wave Frequency o f  F2- ,
F1-, and E - L a y e r s  i n  Mega
h e r t z ;  2 )  L imi t ing  Frequen
c i e s  o f  Es ;  3 )  Minimum Fre
q u e n c i e s ;  4 )  Median Values 
of foF2, foF1,  and f o E  f o r  
Con t ro l  Days; L )  Absence o f  
D i s t i n c t  I n f l e c t i o n  Between 
F1- and F2-Layers; b )  1)
E f f e c t i v e  Height h '  of  F2
and E-Layers i n  Ki lome te r s ;  
2 )  h 'F1 ;  3 )  h 'Es ;  4 )  h '  

Sma l l e r  t h a n  Measured; 5 )
Median h 'F2 f o r  Con t ro l  
P e r i o d .  

The n i g h t t i m e  v a l u e s  o f  f u F 2  
on 2 3  November were h i g h e r  t h a n  
t h o s e  o f  t h e  c o n t r o l  p e r i o d .  A t  
about  t h e  t i m e  o f  maximum obscura
t i o n ,  t h e  c r i t i c a l  f r e q u e n c i e s  of 
t h e  F2- l aye r  f i r s t  i n c r e a s e d  and 
t h e n  began t o  d e c l i n e ,  r e a c h i n g  a 
minimum 1 5  minutes  b e f o r e  t h e  end 
of t h e  e c l i p s e .  

A r i s e  i n  t he  c r i t i c a l  f re 
quency was r e g i s t e r e d  du r ing  t h e  
f i r s t  h a l f  o f  t h e  day a f t e r  t h e  
e c l i p s e ,  w i t h  s u b s t a n t i a l  f l u c 
t u a t i o n s  o f  foF2 from hour  t o  
hour .  Before  t h e  end of t h e  
e c l i p s e  and a t  noon, t h e  ionos
p h e r i c  r e c o r d s  showed s t r a t i f i c a 
t i o n s  i n  t h e  F2(G)- reg ion .  Dur
i n g  t h e  l a t t e r  h a l f  o f  t h e  day, 
foF2 a g a i n  v a r i e d  from hour  t o  
hour ,  b u t  d i f f e r e d  only  s l i g h t l y
from t h e  c r i t i c a l  f r e q u e n c i e s  f o r  
t h e  c o n t r o l  p e r i o d .  The evening
i o n i z a t i o n  maximum was observed 
from 1 5  t o  1 6  h o u r s .  The e f f e c t  
o f  t h e  e c l i p s e  was a l s o  mani
f e s t e d  i n  t h e  F1- l aye r  i n  t h e  
form o f  a c r i t i c a l - f r e q u e n c y  drop
a f t e r  maximum phase .  

E f f e c t i v e  h e i g h t s .  The mini
mum e f f e c t i v e  r e f l e c t i o n  h e i g h t s
of t h e  E- l aye r  on 2 3  November 1965  
( F i g .  l b )  were g r e a t e r  by 20 km /A
t h a n  t h o s e  measured i n  t h e  second 
phase of  t h e  e c l i p s e .  The h e i g h t s
o f  t h e  F1- and F2- l aye r s  d i f f e r e d  
l i t t l e  from t h e  average  v a l u e s  f o r  
t h e  c o n t r o l  days .  To judge from 
t h e  a l t i t u d e  v a r i a t i o n ,  s e p a r a t i o n  
o f  t h e  F- reg ion  occur red  du r ing
t h e  second h a l f  of  t h e  e c l i p s e .
During t h i s  t i m e ,  t h e  h e i g h t  o f  
t h e  F2- layer  dec reased  t w i c e :  a t  
8 hours  and a t  8 hours  45 minutes .  
The h e i g h t  v a l u e s  were g r e a t e s t
when t h e  i o n i z a t i o n  a t  t h e  maxi
mum of t h e  F2- layer  ( c r i t i c a l  fre
quency) r e a c h e d  i t s  minimum. The 
h e i g h t s  o f  t h e  F1- layer  v a r i e d  i n  
a n t i p h a s e  w i t h  h ' F 2 .  



t 

The t r u e  h e i g h t s  where c a l c u l a t e d  
from the i o n o s p h e r i c  r e c o r d s  by Baden's 
method, u s ing  a Minsk-1 computer w i t h  
semiautomatic  i n p u t  of the  c o o r d i n a t e s  
of t h e  fo = @ ( h ' )  curve .  

We see from t h e  N ( h )  p r o f i l e s
( F i g .  2 )  t h a t ,  depending on the  t i m e  
of day and t h e  h e i g h t  o f  t h e  l e v e l  
under  c o n s i d e r a t i o n ,  t h e  e l e c t r o n  con
c e n t r a t i o n  N v a r i e s  over  a broad r ange :
maximum v a r i a t i o n s  a t  160 and 180 k m  
and a l a g  w i t h  r e s p e c t  to t h e  maximum 
phase o f  t h e  e c l i p s e  were noted .  At 
h e i g h t s  below 150 k m ,  t h e  i o n i z a t i o n  
remains c o n s t a n t  f o r  a c e r t a i n  t i m e  
a f t e r  maximum phase and t h e n  i n c r e a s e s .  

TABLE 1 
-

T i m e .  "ax. 104 
hours and I I .c,-3 
minutes  2 
__

L~ 

i 
7.00 58.1 74.4 233.4 234.3 12.4 15.8 156 4203.9 

7.15 70.1 77.3 231.8 223.1 15.6 22.9 195.22.67.9 8 9 

7.30 56.2 64.9 197.5 205.9 16.6 23.2 187.5261.1 

7.45 93.6 72.3 219.3 207.2 14.0 23.7 241 .O 272.9 F i g u r e  2 .  D i s t r i b u t i o n 

8.00 80.6 67.5 207.8 200.0 13.4 27.O 197.5 301 .O 

8.15 66.4 71.2 194.5 198.1 12.5 25.6 176.2 300.4 of E l e c t r o n  Concentra 

8.30 99.6 90.5 224.2 214.2 15.4 26.2 279.4 360.3 t i o n  N a t  10-km I n t e r  

8.45 111.4 89.7 212.5 112.0 17.3 26.7 321.5371.6 
9.00 97.1 74.5 205,6 903.7 17.7 28.8 280.2 350.0 v a l s  of True Height  
9.15 79.1 83.5 199.5 206.9 17.4 28-0 272.5373.6 f o r  23  November 1965. 

75"E T i m e ;  t h e  Dashed 
Curve I n d i c a t e s  t h e  N 

A f t e r  8 h o u r s ,  N beg ins  to i n - on t h e  Con t ro l  Days .  
. c r ease ,  doing s o  more r a p i d l y  t h e  
c l o s e r  t h e  D a r t i c u l a r  l e v e l  i s  to t h e  
l a y e r  maximum. A t  8 hours  30 minu tes ,  t h e  e l e c t r o n  d e n s i t y  a t  
t h e  maximum o f  t h e  F2- l aye r  d e c r e a s e s ;  t h i s  i s  e x p l a i n e d  by  t h e  
s t r a t i f i c a t i o n  e f f e c t  i n  t h e  F2- l aye r .  The e l e c t r o n  concent ra 
t i o n  a t  t h i s  l e v e l  dec reased  by  a lmost  ha l f  d u r i n g  t h e  second /&
h a l f  o f  t h e  e c l i p s e .  N ( t )  a l s o  v a r i e d  r a p i d l y  a t  t h e  beginning
and end o f  t h e  e c l i p s e .  

Table  1 p r e s e n t s  t h e  c a l c u l a t e d  t r u e  h a l f - t h i c k n e s s e s  o f  t h e  
F-region (y,), maximum h e i g h t s  (hmax),  maximum e l e c t r o n  d e n s i t i e s  
( N m a x ) ,  and t o t a l  e l e c t r o n  c o n t e n t s  ( n )  f o r  23  November 1965 ( c o l 
umns 1) and,  for comparison, f o r  t h e  c o n t r o l  days  (columns 2 ) .
To judge  by t h e  manner i n  which t h e  fonh '  parameters v a r y ,  t h e  
t r u e  v a l u e s  of Nmax and n were, a s  w e  shou ld  e x p e c t ,  l o w e r o n  t h e  
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day o f  t h e  e c l i p s e  t h a n  on t h e  c o n t r o l  days.  The h a l f - t h i c k n e s s  
i n c r e a s e  a t  t h e  t i m e  o f  maximum phase was a l s o  d i f f e r e n t .  This 
p r o c e s s  was accompanied by a d e c r e a s e  i n  e l e c t r o n  d e n s i t y  a t  t h e  
l a y e r  maximum and a d e c l i n e  i n  t h e  t o t a l  e l e c t r o n  c o n t e n t .  

Minor f l u c t u a t i o n s  of t h e  t r u e  F2- l aye r  pa rame te r s  were a l s o  
brought  o u t  between r u n s  o f  measurements, b u t  t hey  are obvious ly
u n r e l a t e d  t o  t he  s o l a r  e c l i p s e .  The r ecombina t ion  c o e f f i c i e n t  
w a s  c a l c u l a t e d  only  a f t e r  t h e  maximum phase  of t h e  e c l i p s e .  The 
recombina t ion  c o e f f i c i e n t  f o r  t he  t r u e  h e i g h t  (180 k m )  w a s  01 = 
= 1.0 

T h i s  account  i n d i c a t e s  t h e  d i f f i c u l t y  o f  a s c e r t a i n i n g  t h e  
e f f e c t  o f  t h e  23 November 1965 s o l a r  e c l i p s e  on t h e  i o n o s p h e r e ,
s i n c e  t he  p e r i o d  of t h e  e c l i p s e  c o i n c i d e d  w i t h  t h e  nonsteady 
p r o c e s s e s  observed d u r i n g  t h e  hours  around s u n r i s e .  

However, t h e  f o l l o w i n g  i o n o s p h e r i c  p a t t e r n s  were brought  o u t  
d u r i n g  t h e  e c l i p s e :  t h e  c r i t i c a l  f r e q u e n c i e s  of  t h e  F1- and F2
l a y e r s  dec reased ,  conf i rming  t h e  p h o t o n - i o n i z a t i o n  h y p o t h e s i s ;
t h e  e f f e c t i v e  h e i g h t  of t h e  F2- l aye r  v a r i e d  i n  a n t i p h a s e  w i t h  
f o F 2 ,  con f i rming  t h e  e x i s t e n c e  o f  recombina t ion;  t h e  e f f e c t i v e  
h e i g h t  of  t h e  F1- layer  v a r i e d  l i t t l e  d u r i n g  t h e  e c l i p s e .  R e 
combinat ion may n o t  have been r e s p o n s i b l e  f o r  t h e  d e c r e a s e  i n  
F1- layer  i o n i z a t i o n ;  t h e  e c l i p s e  i n f l u e n c e d  s t r a t i f i c a t i o n  of 
t h e  F- reg ion ,  r e t a r d i n g  i t ;  the  c r i t i c a l  f r e q u e n c i e s  o f  t h e  F2
l a y e r  v a r i e d  s u b s t a n t i a l l y  from s e s s i o n  t o  s e s s i o n .  A t  t i m e s ,  
s t r a t i f i c a t i o n  from F2 took  p l a c e  d u r i n g  p e r i o d s  of  d e c l i n i n g
foF2 owing t o  t h e  i n t e r a c t i o n  o f  t h e  l u n a r  t i d a l  motions w i t h  
t h e  geomagnetic f i e l d ,  w i t h  t h e  r e s u l t i n g  v e r t i c a l  charge  red is 
. t r i b u t i o n ;  d u r i n g  t h e  e c l i p s e ,  such pa rame te r s  as y m ,  hmax, e t c .  

v a r i e d  i n s i g n i f i c a n t l y ,  a p p a r e n t l y  because  o f  t h e  i o n o s p h e r e ' s
i n e r t i a ;  i t  i s  e v i d e n t  from a n a l y s i s  o f  t h e  N ( t )  curves  t ha t  t h e  
l a y e r  a t  180  k m  i s  most s e n s i t i v e  t o  i o n i z i n g  r a d i a t i o n ;  t h e  
r a p i d  changes o f  N ( t )  d u r i n g  maximum phase  and a t  t h e  end o f  
t h e  e c l i p s e  can be e x p l a i n e d  by t h e  nonuniform d i s t r i b u t i o n  of 
t h e  i o n i z i n g  r a d i a t i o n  over  t h e  s u r f a c e  o f  t h e  s o l a r  d i s k .  
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A P P A R A T U S  F O R  I N V E S T I G A T I O N  O F  T H E  A M P L I T U D E - F R E Q U E N C Y  /45
R E S P O N S E  OF T H E  I O N O S P H E R I C - S C A T T E R I N G  C H A N N E L  

V.M. Krasnov and A.F. Yakovets 

ABSTRACT: Equipment f o r  i n v e s t i g a t i o n  of t h e  
ampli tude-frequency r e sponse  of  t h e  ionos
p h e r i c - s c a t t e r i n g  channel  i s  d e s c r i b e d .  The 
f i r s t  expe r imen ta l  r e s u l t s  are r e p o r t e d .  

The i o n o s p h e r i c - s c a t t e r i n g  communications channel  i s  a chan
n e l  w i t h  m u l t i p a t h  s i g n a l  p ropaga t ion .  Th i s  p r o p e r t y  r e s u l t s  i n  
d i f f e r e n t  t r a n s m i s s i o n  c o e f f i c i e n t s  a t  d i f f e r e n t  f r e q u e n c i e s  or, 
i n  o t h e r  words, nonuni formi ty  o f  t h e  c h a n n e l ' s  ampli tude-fre
quency response  (AFR). The nonuni formi ty  i s  expressed  quan
t i t a t i v e l y  i n  t e r m s  of t h e  r a t i o  between t h e  ampl i tudes  a t  t h e  
ends of  t h e  f requency  band under  s t u d y .  AFR nonuniformitY 
i s  a random f u n c t i o n  of  f requency and t i m e ,  and i s  t h e r e f o r e  
d e s c r i b e d  s t a t i s t i c a l l y .  AF'R nonuni formi ty  f u n c t i o n s  have been 
o b t a i n e d  t h e o r e t i c a l l y  [l, 2 3  f o r  channels  a t  whose o u t p u t s  t h e  
s igna l - ampl i tude  envelope  has  a Rayleigh or genera l ized-Rayle igh
d i s t r i b u t i o n .  By ana logy  w i t h  channels  hav ing  cons t an t  param
e t e r s ,  a passband n o t i o n  has  been i n t r o d u c e d  f o r  channels  w i t h  
var iab le  AFR. T h i s  i s  t h e  f requency  band i n  which t h e  AFR non
un i fo rmi ty  does n o t  exceed a s p e c i f i e d  v a l u e  w i t h  s t a t ed  proba
b i l i t y .  

It i s  shown i n  [ 2 ]  t h a t  t h e  form of  t h e  AFR can be improved
s u b s t a n t i a l l y  and t h e  channel  passband broadened by l i n e a r  addi
t i o n  o f  u n c o r r e l a t e d  s i g n a l s  i n  f r o n t  of  t h e  d e t e c t o r .  The pos
s i b i l i t y  of such  improvement i s  very e a s i l y  demonst ra ted  by
q u a l i t a t i v e  arguments .  It  i s  known t h a t  t h e  ampl i tude  of a 
s i g n a l  w i th  f r equency  fo a t  t h e  o u t p u t  o f  t h e  ionosphe r i c - sca t 
t e r i n g  channel  i s  a s t a t i o n a r y  e r g o d i c  p r o c e s s  on a t i m e  segment
r a n g i n g  i n t o  t h e  t e n s  o f  minutes .  This  means t h a t  any r e a l i z a 
t i o n  of t h e  p r o c e s s  i s  c h a r a c t e r i z e d  by t h e  same s t a t i s t i c a l  
parameters  d u r i n g  t h e  cour se  of t h i s  t i m e .  By " r e a l i z a t i o n "  w e  
mean t h e  ampl i tude  envelopes  a t  p o i n t s  s e p a r a t e d  i n  space .  Add
i n g  N s p a t i a l l y  s e p a r a t e d  s i g n a l s  a f t e r  f i r s t  r educ ing  them t o  
t h e  same phase ,  w e  f i n d  t h a t  f o r  l a r g e  enough N ,  t h e  r e s u l t i n g
ampl i tude  w i l l  t e n d  a t  any p o i n t  i n  t i m e  t o  t h e  product  of N by 
t h e  average ampl i tude  va lue  o b t a i n e d  f o r  one r e a l i z a t i o n .  A /3
s i m i l a r  r e s u l t  can b e  o b t a i n e d  a t  any o t h e r  f requency near  f o .  

Thus, w e  o b t a i n  a uni form AFR o v e r  a b road  frequency band. 
The only l i m i t  on bandwidth i s  t h e  f a c t  t h a t  i t  i s  imposs ib l e  t o  
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F i g u r e  1. Block Diagram o f  Apparatus  f o r  
A F R  Measurement. 1) Rece ive r ;  2 )  Loga r i th 
mic a m p l i f i e r ;  3 )  dc a m p l i f i e r ;  4 )  Reac t ive  
e lement ;  5 )  Sweep o s c i l l a t o r ;  6 )  Rece iver ;
7 )  Logar i thmic  a m p l i f i e r ;  8 )  dc a m p l i f i e r ;
9 )  Mot ion-p ic ture  camera; 10) 50-Hz genera
t o r ;  11) Modulator;  1 2 )  T r a n s m i t t e r .  

e f f e c t  l i n e a r  ampl i tude  a d d i t i o n  i n  a broad  band because  o f  t h e  
d i f f e r e n c e s  between t h e  i n s t a n t a n e o u s  phase- response  c h a r a c t e r 
i s t i c s  o f  t h e  channel  f o r  d i f f e r e n t  p o i n t s  i n  space .  

A t heo ry  o f  AFR nonuni formi ty  has  been e l a b o r a t e d  [l, 21  f o r  
a p p l i c a t i o n  t o  t r o p o s p h e r i c - s c a t t e r i n g  channels  and t e s t ed  e x p e r i 
men ta l ly  [3]  on r e s u l t s  o b t a i n e d  f o r  t r o p o s p h e r i c  p ropaga t ion .
We have developed equipment f o r  i n v e s t i g a t i o n  of t h e  AFR of t h e  
i o n o s p h e r i c - s c a t t e r i n g  channel .  

A F R  r e c o r d i n g  equipment f o r  s i n g l e  and double  r e c e p t i o n  ( F i g .  
1). T r a n s m i t t e r  f requency  was v a r i e d  s i n u s o i d a l l y  a t  50 Hz i n  
t h e  band f 0 k 3  kHz. The scann ing  f requency  (50  Hz) was s o  s e l e c t 
ed  t h a t  t h e  f ixed- f requency  s i g n a l  ampl i tude  would remain c o n s t a n t  
d u r i n g  one s c a n  o f  t h e  f requency  r ange .  The r e c e i v i n g  u n i t  con
s i s t s  of  two i d e n t i c a l  a m p l i f i e r  channels  w i t h  a I-kHz I F  band
w i d t h .  The f requency o f  t h e  t r a n s m i t t e r ' s  r e c e i v e r  second l o c a l  
o s c i l l a t o r s  i s  v a r i e d  i n  t h e  same way t o  t r a c k  t h e  f requency  of 
t h e  r e c e i v e d  s i g n a l .  Double r e c e p t i o n  of t h e  t r a n s m i t t e d  i n f o r 
mation r e q u i r e s  a u n i t  t h a t  compares t h e  phases  o f  t h e  s i g n a l s
tha t  have passed  through t h e  d i f f e r e n t  c h a n n e l s ,  a u n i t  t h a t  con
t r o l s  the phase of one of  t h e  c h a n n e l s ,  and an adde r  i n  which 
cohe ren t  s i g n a l s  a r e  added. However, t h e s e  d e v i c e s  can b e  omit
t e d ,  t o  t h e  c o n s i d e r a b l e  s i m p l i f i c a t i o n  of t h e  a p p a r a t u s ,  i n  an /47
experiment  t o  de te rmine  the  AFR w i t h  double  r e c e p t i o n .  I n  t h i s  
c a s e ,  t h e  ampl i tudes  o f  t h e  s e p a r a t e  channels  are added! d u r i n g
r e d u c t i o n  o f  t h e  r e s u l t s ,  when t h e  images of  t h e  AFR f o r  t h e  
i n d i v i d u a l  channels  have a l r e a d y  been  f i x e d  on f i l m .  

Schematic d i a g r s .  A f t e r  p r e a m p l i f i c a t i o n  i n  a t y p e  R-250M 
r e c e i v e r ,  t h e  second- in te rmedia te - f requency  s i g n a l  proceeds  t o  
t h e  l o g a r i t h m i c - a m p l i f i e r  b lock .  The a m p l i f i e r  b lock  ( F i g .  2 )  
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c o n s i s t s  o f  an in t e rmed ia t e - f r equency  a m p l i f i e r ,  a d e t e c t o r ,  a 
l o g a r i t h m i c  network,  a dc a m p l i f i e r ,  and a v o l t a g e  s t a b i l i z e r .  
The two-stage in te rmedia te - f requency  a m p l i f i e r  i s  b u i l t  around 
t u b e s  ~ 1 6 - ~ 1 7i n  a s e l e c t i v e - g a i n  c i r c u i t  w i t h  resonance  n e t 
works, and p rov ides  f u r t h e r  v o l t a g e  a m p l i f i c a t i o n  of  t h e  s i g n a l
incoming from the  ou tpu t  o f  t h e  r e c e i v e r ' s  second i n t e r m e d i a t e -
frequency a m p l i f i e r .  The f i r s t  s t a g e  used a 6Zh3P pentode  w i t h  
a l a r g e  s t a t i c  a m p l i f i c a t i o n  f a c t o r .  L i n e a r i t y  of t h e  a m 
p l i t u d e  c h a r a c t e r i s t i c  i s  e n s u r e d  by u s e  of a n  o u t p u t - s t a g e
tube  w i t h  a l i n e a r  g r i d - p l a t e  c h a r a c t e r i s t i c  and deep n e g a t i v e
v o l t a g e  feedback b r i d g i n g  bo th  s t a g e s  (networks R57, R 9 9 ,  R98, 
R55). To o b t a i n  a h igh  g a i n  from a compara t ive ly  s m a l l  power-
source  v o l t a g e ,  t h e  IFA o u t p u t  s t a g e  has t h e  c i r c u i t  a u t o t r a n s 
former-connected i n t o  t h e  p l a t e  c i r c u i t  o f  t u b e  T17. The s e r i e s  
resonance network (T3, c63 ,  C64 ,  C65) i s  used f o r  t h e  same pur
pose .  

F i g u r e  2 .  Logari thmic Ampl i f i e r  Block.  The R e s i s t o r s  and Capaci
t o r s  Marked w i t h  t h e  A s t e r i s k  a r e  Matched During Adjustment.  

The d e t e c t o r  s e r v e s  t o  double t h e  d e t e c t e d  s i g n a l  v o l t a g e
a r r i v i n g  from t h e  o u t p u t  s t a g e  o f  t h e  in t e rmed ia t e - f r equency
a m p l i f i e r .  I t s  vo l t age -doub le r  c i r c u i t  o p e r a t e s  on t h e  v o l t a g e s  
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added a c r o s s  t h e l o a d ,  whose c i r c u i t c o n t a i n s a  microammeter. To 
o b t a i n  a l i n e a r  ampl i tude  c h a r a c t e r i s t i c  i n  t h e  low-vol tage 
r ange ,  a c o n s t a n t  p o s i t i v e  v o l t a g e  from t h e  s t a b i l i z e d  power 
s o u r c e  i s  a p p l i e d  to t h e  d i o d e s .  

The l o g a r i t h m i c  network c o n v e r t s  t h e  v o l t a g e  p i cked  o f f  
t h e  d e t e c t o r  l o a d  from l i n e a r  to l o g a r i t h m i c .  The l o g a r i t h m i c  
u n i t  i s  b u i l t  around r e s i s t o r  R-118 and t h e  6Kh2P double  d iode  
~ 1 8 .  The  l o g a r i t h m i c  mode i s  s e t  up b y  r e g u l a t i n g  t h e  b ias  
v o l t a g e  i n  t h e  ca thode  c i r c u i t  of t h e  6Kh2P t u b e .  To e l i m i n a t e  
zero  d r i f t ,  t h e  f i l a m e n t  and b i a s  s u p p l i e s  to t h e  6Kh2P t u b e  
are from t h e  s t a b i l i z e d  power s o u r c e .  

The dc  a m p l i f i e r  f u r t h e r  a m p l i f i e s  t h e  s i g n a l  a r r i v i n g  from /49
t h e  o u t p u t  o f  t h e  l o g a r i t h m i c  network. The two-stage de ampli
f i e r ,  whose o u t p u t  goes to t h e  p l a t e s  o f  t h e  ca thode- ray  t u b e ,  
i s  b u i l t  around tubes  Tlg-T22. Its f i r s t  s t a g e  i s  a ba lanced  
s e r i e s  c i r c u i t  based on a 6N2P double  t r i o d e  w i t h  a h igh  s t a t i c  
a m p l i f i c a t i o n  f a c t o r ,  and i t s  second s t a g e  i s  a p a r a l l e l  ba lanced  
c i r c u i t  b u i l t  around 6Zh3P economy pentodes .  The v a r i a b l e  r e s i s 
tor R - 1 2 4  s e r v e s  f o r  s e l e c t i o n  o f  t h e  optimum d r i f t  compensation. 
The c o n s t a n t  component o f  t h e  f i r s t - s t a g e  o u t p u t  v o l t a g e  i s  com
p e n s a t e d  by t h e  v o l t a g e  drop a c r o s s  r e s i s t o r s  R-133 and R - 1 3 4 .  
I n  a d d i t i o n ,  r e s i s t o r s  R-126 and R-127 p r o v i d e  n e g a t i v e  feedback 
t h a t  reduces  t h e  i n f l u e n c e  o f  tube-parameter  s c a t t e r  on s t a g e
performance.  R e s i s t o r  R-28 i s  a ca thode-coupl ing  element  , and 
v a r i a b l e  r e s i s t o r  R-132  s e r v e s  to s h i f t  t h e  p o s i t i o n  o f  t h e  beam 
on t h e  o s c i l l o s c o p e  s c r e e n .  The s t a b i l i z e d  power s o u r c e  i s  
semiconductor ized .  The r e c t i f i e r  i s  a b r i d g e - c i r c u i t  t y p e
( d i o d e s  D 2 L D 2 4 ) .  The h i g h - r a t i n g  c a p a c i t o r  C70 smooths t h e  
r i p p l e  o f  t h e  r e c t i f i e d  v o l t a g e .  The P4V t r a n s i s t o r  i s  t h e  con
t r o l l e d  element  of  t h e  v o l t a g e - s t a b i l i z a t i o n  ne twork ,  t h e  MP102 
t r a n s i s t o r  i s  t h e  c o n t r o l l i n g  e l emen t ,  and network D20/R-137 i s  
t h e  s e n s i n g  e lement .  T h e  f u n c t i o n  o f  v a r i a b l e  r e s i s t o r  R-136 i s  
to s e t  t h e  i n i t i a l  o p e r a t i n g  p o i n t  o f  t h e  MP102 t r a n s i s t o r .  

The r e c e i v e r  can t r a c k  t r a n s m i t t e r  f requency  p r e c i s e l y  f o r  
l ong  p e r i o d s  only when q u a r t z  mas te r  o s c i l l a t o r s  a r e  used a t  t h e  
t r a n s m l t t i n g  and r e c e i v i n g  ends ;  10-kHz c r y s t a l s  were s e l e c t e d  
for t h i s  purpose .  To o b t a i n  s i n e  waves w i t h  a f requency  of  50  Hz, 
t h e  1 0  kHz was pu l se -d iv ided  b y  a f a c t o r  o f  2 0 0  and t h e  s i n e  waves 
were s e p a r a t e d  i n  a narrow-band f i l t e r .  The i n i t i a l  r e c e i v e r  lock-
on to t h e  t r a n s m i t t e r  f requency  i s  accomplished by phase- tuning  of  
t h e  mas ter  o s c i l l a t o r  w i t h  a k i p p  r e l a y .  

The hor izonta l - sweep b l o c k  ( F i g .  3 )  c o n s i s t s  o f  a q u a r t z  
mas ter  o s c i l l a t o r ,  a b i l a t e r a l  l i m i t e r ,  a bank o f  f requency
d i v i d e r s ,  a k ipp  r e l a y ,  a square-wave g e n e r a t o r  , a norma l i z ing  
s t a g e ,  a narrow-band a m p l i f i e r ,  and p h a s e - i n v e r t e r  and ou tpu t 

a m p l i f i c a t i o n  s t a g e s .  The s e l f - e x c i t e d  q u a r t z  o s c i l l a t o r  whose 

f u n c t i o n  i s  to g e n e r a t e  a 10-kHz s i n u s o i d a l  v o l t a g e  of h i g h l y 

s t a b i l i z e d  frequency and ampl i tude  i s  bu- i l t  around tube  '1'1 i n  a /s 
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F i g u r e  3 .  H o r i z o n t a l - S w e e p  B l o c k .  The R e s i s t o r s  and  C a p a c i t o r s  
Marked w i t h  t h e  A s t e r i s k  a r e  Matched D u r i n g  A d j u s t m e n t .  

m u l t i v i b r a t o r  c i r c u i t  w i t h  t h e  q u a r t z  p l a t e  i n  t h e  n e g a t i v e - f e e a 
b a c k  c i r c u i t .  R e s i s t o r s  R - 7  a n d  R-9 a r e  d i s c o n n e c t e d  f o r  a l l  
f r e q u e n c i e s  t h a t  are  n o t  e q u a l  to t h e  c r y s t a l  f r e q u e n c y ,  a n d  deep  
n e g a t i v e  f e e d b a c k  a p p e a r s  i n  t h e  c i r c u i t ,  c a u s i n g  damped o s c i l 
l a t i o n s  i n  t h e  master  o s c i l l a t o r .  F o r  f r e q u e n c i e s  e q u a l  to t h e  
c r y s t a l  f r e q u e n c y ,  t h e  r e s i s t o r s  are c o n n e c t e d  w i t h  one a n o t h e r  
a c r o s s  t h e  sma l l  s e r i e s - r e s o n a n c e  r e s i s t a n c e  of t h e  c r y s t a l  a n d ,  
t a k e n  t o g e t h e r ,  form a n  a u t o m a t i c - b i a s  r e s i s t o r ;  s e l f - e x c i t e d  
o s c i l l a t i o n s  a r i s e  i n  t h e  c i r c u i t .  R e s i s t o r s  R-6 a n d  R - 8  p r o d u c e  
a n e g a t i v e  f e e d b a c k  t h a t  r e d u c e s  t h e  i n f l u e n c e  of t u b e - p a r a m e t e r  
s c a t t e r  on  s t a g e  p e r f o r m a n c e .  

I n  a d d i t i o n  to m a t c h i n g  t h e  s t a g e s ,  t h e  c a t h o d e  f o l l o w e r  
b u i l t  a r o u n d  t u b e  T 2  a c t s  as  a c l i p p e r  for t h e  l o w e r  p a r t  o f  t h e  
s i n e  wave.  Diode D1 c l i p s  t h e  u p p e r  p a r t  o f  t h e  s i n e  wave. 
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The f r e q u e n c y  d i v i d e r s  are  b u i l t  a round t u b e s  T3-T6 i n  a 
s l a v e - m u l t i v i b r a t o r  c i r c u i t .  To p r e s e r v e  s t a b i l i t y  o f  t h e  p u l s e  
r e p e t i t i o n f r e q u e n c y ,  t h e  s l a v e  m u l t i v i b r a t o r s  a r e  a c t i v a t e d b y t h e  
l e a d i n g  edges  o f  t h e  t r i g g e r i n g  p u l s e s .  The d i v i s i o n  r a t i o s  o f  
t h e  s l a v e  m u l t i v i b r a t o r s  a r e  1:5, 1:5, 1:4, and 1:2, r e s p e c t i v e l y .  
The f u n c t i o n  of t h e  k i p p  r e l a y  i s  t o  p r o v i d e  v a r i a b l e  d e l a y  o f  t h e  
l e a d i n g  edges o f  t h e  p u l s e s  incoming from t h e  d i v i d e r  bank .  The 
k i p p  r e l a y  i s  b u i l t  a r o u n d  t u b e  T 7 ,  a l s o  i n  a s l a v e - m u l t i v i b r a t o r  
c i r c u i t .  By changing  t h e  w i p e r  p o s i t i o n  on p o t e n t i o m e t e r  R-51, 
w e  change t h e  g r i d  bias  o f  t u b e  T7 and,  a c c o r d i n g l y ,  t h e  c u r r e n t  
f l o w i n g  t h r o u g h  t h e  l e f t  h a l f  o f  t h e  t u b e  when i t  i s  open,  t h e r e 
by  i n c r e a s i n g  or d e c r e a s i n g  t h e  d i s c h a r g e  t i m e  o f  c a p a c i t o r  C 2 4  
a p p r o p r i a t e l y  a n d ,  c o n s e q u e n t l y ,  a l s o  t h e  d u r a t i o n  o f  t h e  p u l s e s  
p u t  o u t  by t h e  m u l t i v i b r a t o r .  

F i g u r e  4 .  D i s t r i b u t i o n  of 
AFR Nonuni f ormi t y  f o r  
Frequency Band: a )  1 kHz; 
b )  	2 kHz. The c u r v e s  il
l u s  t r a t e  averaged  r e s u l t s  
from e i g h t  m e  as urement 
r u n s .  

The square-wave g e n e r a t o r ,  
whose f u n c t i o n  i s  t o  g e n e r a t e  
meander-type o s c i l l a t i o n s ,  i s  b u i l t  
a round t u b e  T 8  i n  a s l a v e - m u l t i 
v i b r a t o r  c i r c u i t .  It i s  t r i p p e d  
b y  t h e  t r a i l i n g  edges  o f  t h e  p u l s e s  
incoming from t h e  k i p p  r e l a y .  The 
n o r m a l i z i n g  s t a g e  ( T - 9 )  s e r v e s  f o r  
a m p l i t u d e  n o r m a l i z a t i o n  of t h e  
p u l s e s  coming f rom T-8.  L i m i t i n g  
i s  by  p l a t e - c u r r e n t  c u t o f f  a t  t h e  
b o t t o m  and b y  p l a t e - c u r r e n t  s a t u r a 
t i o n  a t  t h e  t o p .  A s i n e  wave w i t h  
a f r e q u e n c y  o f  50 Hz i s  s e p a r a t e d  
i n  t h e  narrow-band a m p l i f i e r  f rom 
t h e  meander o f  t h e  same f r e q u e n c y .  
The a m p l i f i e r  i s  b a s e d  on t u b e s  
T- 1 0-T- 11 w i t h  f r e q u e n c y  -se l e c t i v e  
RC a m p l i f i e r s  and a double-T b r i d g e  
i n  t h e  f e e d b a c k  c i r c u i t  ( R 7 8 - R 8 0 ,
C37-C39) .  N e g a t i v e  c u r r e n t  f e e d 
back ( r e s i s t o r  R 7 l )  i s  u s e d  i n  t h e  
c i r c u i t  to s t a b i l i z e  t h e  a m p l i t u d e  
o f  i t s  o u t p u t  v o l t a g e .  The s i g n a l  

i s  f e d  to t h e  s e l e c t i v e  a m p l i f i e r  t h r o u g h  c a t h o d e  f o l l o w e r  T-10 .  /z
From t h e  o u t p u t  o f  t h e  narrow-band a m p l i f i e r ,  t h e  s i n e  wave goes 
t o  t h e  p h a s e - i n v e r t e r  s t a g e  T-12 ,  t h e n  t o  t h e  o u t p u t  s t a g e  T-12 
[ s i c ] ,  and t h e n  to t h e  o u t p u t  s t a g e  T-13-T-14.  The c a t h o d e  of 
T-14  i s  s u p p l i e d  from a n e g a t i v e  v o l t a g e  s o u r c e  t o  s e c u r e  t h e  
n e c e s s a r y  sweep on t h e  CRT s c r e e n  w i t h o u t  v o l t a g e  o v e r l o a d i n g  of  
t h e  t u b e s .  

The r e a c t i v e  e lement  t h a t  c o n t r o l s  t h e  second l o c a l  o s c i l l a 
tor f r e q u e n c y  i n  t h e  R-25OM r e c e i v e r  i s  b a s e d  on t u b e  T-15 .  Capa
c i t o r  C 4 7  i s  a h igh- f requency  b l o c k i n g  c a p a c i t o r .  C o n t r o l  capa
c i t o r  C 4 8  i s  c o n n e c t e d  t o  t h e  l o c a l - o s c i l l a t o r  c i r c u i t  by means 
o f  d i o d e s  T-15 .  The t ime f o r  which t h e  d i o d e s  a r e  a l t e r n a t e l y  
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unb locked  and  t h e  c o n t r o l  c a p a c i t o r  i s  c o n n e c t e d  to t h e  l o c a l -
o s c i l l a t o r  c i r c u i t  depends  on t h e  v a l u e  o f  t h e  v o l t a g e  a p p l i e d  
to t h e  d i o d e s .  Thus,  t h e  c a p a c i t a n c e  c o n n e c t e d  to t h e  c i r c u i t  
can b e  v a r i e d  by v a r y i n g  t h e  a m p l i t u d e  o f  t h e  m o d u l a t i n g  v o l t 
a g e .  

I n  F e b r u a r y  1 9 6 8 ,  w e  made s e v e r a l  AFR measurements  a t  
1 8 . 6 9 5  MHz on a p a t h  1400 km l o n g  d u r i n g  t h e  n i g h t ,  when t h i s  
f r e q u e n c y  e x c e e d e d  t h e  maximum u s e f u l  r e f l e c t e d  f r e q u e n c y .  
P r o b a b i l i t y  d i s t r i b u t i o n s  were o b t a i n e d  f o r  t h e  AFR nonuni form
i t y  f o r  1- and 2-kHz f r e q u e n c y  bands  ( F i g .  4 ) .  
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ABSTRACT: A method i s  p r o p o s e d  f o r  m e a s u r i n g  t h e  
f l u c t u a t i o n s  of t h e  p h a s e  d i f f e r e n c e  be tween v i 
b r a t i o n s  a t  d i f f e r e n t  f r e q u e n c i e s  t h a t  r e s u l t  
from f l u c t u a t i o n s  i n  t h e  s c a t t e r i n g  p r o p e r t i e s  o f  
t h e  medium t h r o u g h  which t h e  wave i s  p r o p a g a t e d .  
The measurement equipment i s  d e s c r i b e d .  

It i s  known t h a t  t h e  i d e a l  communications c h a n n e l ,  which 
p r e s e r v e s  t h e  o r i g i n a l  form of t h e  t r a n s m i t t e d  message,  h a s  a 
uni form a m p l i t u d e - f r e q u e n c y  r e s p o n s e  (AFR) and 
p h a s e - r e s p o n s e  c h a r a c t e r i s t i c  ( P R C ) .  D e v i a t i o n s  
a c t e r i s t i c s  from t h e  i d e a l  d i s t o r t  t h e  s i g n a l .  To 
s i g n a l  d i s t o r t i o n ,  i t  i s  n e c e s s a r y  to i n v e s t i g a t e  
AFR and PRC e x p e r i m e n t a l l y .  The PRC o f  m u l t i p a t h  

a l i n e a r  
o f  t h e  char -

e v a l u a t e  
t h e  c h a n n e l ' s  
c h a n n e l s  , which 

i n c l u d e  t r o p o s p h e r i c  and i o n o s p h e r i c  s c a t t e r i n g  c h a n n e l s ,  a r e  
s t a t i s t i c a l  i n  n a t u r e .  We can  speak  of some p a r t i c u l a r  PRC form 
o n l y  w i t h i n  t h e  l i m i t s  of  a t i m e  segment s h o r t e r  t h a n  t h e  t ime-
c o r r e l a t i o n  r a d i u s  of t h e  p h a s e  f l u c t u a t i o n s .  The  p r o b a b i l i t y  
d i s t r i b u t i o n  f u n c t i o n  o f  t h e  f l u c t u a t i o n s  i n  t h e  p h a s e  d i f f e r 
e n c e  between a d j a c e n t  f r e q u e n c i e s  becomes t h e  p r i n c i p a l  param
e t e r  d e t e r m i n i n g  t h e  P R C .  With c o n s i d e r a t i o n  o f  t h e s e  p r o p e r 
t i e s  o f  t h e  P R C ,  w e  p r o p o s e  a method f o r  measur ing  t h e  f l u c t u a 
t i o n s  of t h e  p h a s e  d i f f e r e n c e  between a d j a c e n t  f r e q u e n c i e s .  

Two v i b r a t i o n s ,  one a t  a f r e q u e n c y  e x a c t l y  t w i c e  t h e  
f requency  of  t h e  o t h e r ,  a r e  t r a n s m i t t e d  t h r o u g h  a medium whose /511
s c a t t e r i n g  p r o p e r t i e s  are  t i m e - v a r i a b l e  ( F i g .  1, a and b ) .  Wi th  
a c o n s t a n t  d i s t a n c e  between t h e  r e c e i v e r  and t r a n s m i t t e r  and 
c o n s t a n t  s c a t t e r i n g  p r o p e r t i e s  o f  t h e  medium, t h e  phase  d i f f e r 
e n c e  between t h e  b e g i n n i n g  of  t h e  p o s i t i v e  half-waves a t  f r e 
quency Q and t h e  b e g i n n i n g  o f  every o t h e r  p o s i t i v e  half-wave of  
f r e q u e n c y  2Q remains  c o n s t a n t  i n  t i m e .  F l u c t u a t i o n s  i n  t h e  
s c a t t e r i n g  by  t h e  medium r e s u l t  i n  f l u c t u a t i o n s  o f  t h i s  p h a s e  
d i f f e r e n c e .  H e n c e f o r t h ,  i n  s p e a k i n g  o f  a change i n  t h e  p h a s e  
d i f f e r e n c e  between d i f f e r e n t  f r e q u e n c i e s  , we r e f e r  to t h e  changes 
c a u s e d  by t h e  s c a t t e r i n g  i n  t h e  medium, as d i s t i n c t  f rom t h e  
changes governed by t h e  d i f f e r e n c e  An between t h e  f r e q u e n c i e s  
b e i n g  compared. T h e  method d e s c r i b e d  i s  a p p l i c a b l e  to t h e  i o n o s 
p h e r i c - s c a t t e r i n g  c h a n n e l .  
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An ampl i tude-modula ted  wave a r r i v e s  
a t  t h e  i n p u t  of  t h e  i o n o s p h e r i c - s c a t t e r 
i n g  c h a n n e l .  The  s p e c t r u m  of  t h i s  wave 
c o n s i s t s  of  a c a r r i e r  u1 = A 1  s i n  w t  and 
two s i d e  f r e q u e n c i e s  u o  = AO s i n ( o  - Q ) t
and s i n  + Q ) t .u z  = A Z  ( w  

A f t e r  p a s s a g e  t h r o u g h  t h e  c h a n n e l ,  
each  component has a c q u i r e d  i t s  own 
phase  lead :  $1, $2, and $ 3 ,  r e s p e c 
t i v e l y .  We s h a l l  b e  i n t e r e s t e d  i n  t h e  
p h a s e  s h i f t  $ 0  - $ 1  o r  $2 - $ 1 .  To 
measure t hese  q u a n t i t i e s ,  t h e  incoming
s i g n a l  i s  p a s s e d  t h r o u g h  f i l t e r s  t u n e d  
t o  d i f f e r e n t  s p e c t r a l  components. Then 
t h e  c a r r i e r  and  one o f  t h e  s i d e  f re 
q u e n c i e s  a r e  mixed, and t h e  modula t ing
f r e q u e n c y  Q i s  s e p a r a t e d  a t  t h e  mixer  
o u t p u t :  s i n ( w t  + $1)  s i n  [ ( w  - Q ) t+ 
+ $01 = 1/2Ccos(Qt  + $1 - $ 0 )  
-	 cos(2wt - Qt+ $ 0  + $I)]. The s i d e  
f r e q u e n c i e s  a r e  mixed i n  t h e  o t h e r  
m i x e r :  e i n [ ( w  + Q)t+ $ 2 ] s i n [ ( w  - Q ) t+ 
+ $01 = 1/2Ccos(2Qt  + $2 - $ 0 )  
- cos(2Rt  + $2 + $ 0 1 )  and t h e  d o u b l e d  
modula t ing  f r e q u e n c y  i s  s e p a r a t e d .  The 
doubled  f r e q u e n c y  i s  t h e n  d i v i d e d  by two 

t o  o b t a i n  cos(Qt + v).Thus, w e  have 

two audio- f requency  waves: c o s ( Q t  + $1 
- $ 0 )  and cos(Qt  -k 'y).t h e  phase  d i f 

f e r e n c e  between which i s  

F i g u r e  1. Diagrams o f  
V o l t a g e s  a t  Outputs
o f :  a )  Mixer M 2 ;  a l )  
L i m i t e r ;  b )  Mixer M I ;  
b '  ) L i m i t e r - a m p l i f i e r  
LA; b " )  D i v i d e r  i n  
two o p e r a t i n g  modes 
( s o l i d  l i n e  and 
dashed l i n e ) .  

T h i s  method i s  s i m i l a r  t o  t h e  p h a s e - i n v a r i a n t  method sug
g e s t e d  f o r  i n v e s t i g a t i o n  of  t h e  s c a t t e r i n g  o f  u l t r a s o u n d  [l]. 
T h e  same method w a s  used  i n  a s t u d y  of  i o n o s p h e r i c  e l e c t r o n  con
c e n t r a t i o n  [ 2 ] .  I n  t h e  p h a s e - i n v a r i a n t  method, t h r e e  s p e c t r a l  
l i n e s  a r e  a l s o  t r a n s m i t t e d  t h r o u g h  t h e  medium t o  b e  s t u d i e d .  
Then t h e  c a r r i e r  i s  mixed w i t h  t h e  lower  and u p p e r  s i d e  f r e q u e n 
c i e s .  The  r e s u l t  i s  two modula t ing- f requency  v i b r a t i o n s  w i t h  
p h a s e s  $ 2  - and $ 1  - C p 0 .  T h e  phase  d i f f e r e n c e  between t h e s e  
v i b r a t i o n s  20 = $ o  + $ 2  - 2$1 i s  t w i c e  t h e  v a l u e  of t h e  p h a s e  i n - __/55
v a r i a n t .  The d i s t r i b u t i o n s  of $ 2  - $1 and $0 - $ 1  are  t h e  same, 
and t h e  c o e f f i c i e n t  o f  c o r r e l a t i o n  between t h e s e  q u a n t i t i e s  can 
be found. Once w e  know t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  i t  i s  s i m p l e  
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to e s t a b l i s h  t h e  r e l a t i o n  between t h e  s t a t i s t i c a l  d i s t r i b u t i o n  
pa rame te r s  of t h e  sum and t h e  summands. F o r  example, t h e  va r 
i a n c e  

where R i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t  between + 2  - and @ o  -
Having measured t h e  phase  f l u c t u a t i o n s  and  c o n s t r u c t e d  t h e  

i n t e g r a l  d i s t r i b u t i o n  cu rve  o f  A +  f o r  f r e q u e n c i e s  s e p a r a t e d  by 
A f ,  i t  i s  n e c e s s a r y  to de te rmine  how a c c u r a t e l y  t h i s  curve de
s c r i b e s  t h e  f l u c t u a t i o n s  o f  t h e  phase  d i f f e r e n c e  between d i f 
f e r e n t  combina t ions  of f r e q u e n c i e s  i n  t h e  band A f ,  i . e . ,  how 
a c c u r a t e l y  t h e  nonun i fo rmi ty  o f  t h e  PRC i n  a g i v e n  f requency
band can b e  d e s c r i b e d  by t h e  s t a t i s t i c a l  p a r a m e t e r s  o f  t h e  f l u c 
t u a t i o n  o f  t h e  phase  d i f f e r e n c e  between t h e  f r e q u e n c i e s  a t  t h e  
ends o f  t h i s  band.  The n a t u r a l  s o l u t i o n  t o  t h i s  problem i s  t o  
b r e a k  up t h e  f requency  band i n t o  segments  and de te rmine  t h e  R
d imens iona l  d i s t r i b u t i o n  f u n c t i o n  o f  t h e  phase  d i f f e r e n c e s  be
tween t h e  v a r i o u s  f r e q u e n c i e s .  To b e g i n ,  l e t  us  d i v i d e  t h e  f re 
quency band A f  i n t o  two e q u a l  p a r t s .  Le t  t h e  phase  of  t h e  lower  
f requency  b e  $ o ( t ) ,  t h a t  of  t h e  middle  f requency  @ l ( t > ,and t h a t  
of t h e  upper  f r equency  $ 2 ( t ) .  We s h a l l  deno te  t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  between t h e  phases  o f  a d j a c e n t  f r e q u e n c i e s  b y  p ,  
and t h o s e  between t h e  end-frequency p h a s e s  b y  R .  We s h a l l  as
sume t h a t  a s u b s t a n t i a l  c o n s t a n t  component i s  p r e s e n t  i n  t h e  
s c a t t e r e ' d  s i g n a l ,  s o  t h a t  t h e  d i s t r i b u t i o n  of  t h e  s i g n a l ' s  phases  
i s  c l o s e  t o  normal .  T h i s  c o n d i t i o n  i s  o f t e n  s a t i s f i e d  f o r  i onos 
p h e r i c  and  t r o p o s p h e r i c  s c a t t e r i n g .  

Then t h e  v a r i a n c e s  o 2+ o ,  0 2 @ 1 ,and O 2  o f  t h e  phases  w i l l  
4 2  

b e  t h e  same, depending on t h e  r a t i o  o f  t h e  c o n s t a n t  t o  t h e  r an 
dom components o f  t h e  s i g n a l ,  and t h e  v a r i a n c e s  o f  t h e  phase  d i f 
f e r e n c e s  w i l l  t a k e  t h e  form 

The phase  d i f f e r e n c e s  a r e  normal ly  d i s t r i b u t e d  w i t h  z e r o  
mean, and w e  may t h e r e f o r e  wr i t e  t h e  c o e f f i c i e n t  o f  c o r r e l a t i o n  
between them as 
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Now, knowing t h e  c o r r e l a t i o n  c o e f f i c i e n t  between t h e  p h a s e  /56
d i f f e r e n c e s  A$I and A$2, w e  can compute t h e  i n t e g r a l  two-dimen
s ion a1 d i  st r i b  u t i  on f u n  c t ion : 

Here w2(A$1, A$2) i s  t h e  two-dimensional  d i f f e r e n t i a l  d i s t r i b u 
t i o n  f u n c t i o n  and e q u a l s  

The e v a l u a t i o n  o f  t h i s  i n t e g r a l  i s  g i v e n  i n  t h e  appendix .  L e t  us  
examine t h e  b e h a v i o r  o f  t h e  c u r v e  i n  a p a r t i c u l a r  example: 

We take  t h e  e x p e r i m e n t a l  curve  of t h e  f r e q u e n c y - c o r r e l a t i o n  
c o e f f i c i e n t  as a f u n c t i o n  of  f r e q u e n c y  s e p a r a t i o n  from 133. For 
s e p a r a t i o n  A f  = 4 kHz, t h e  c o r r e l a t i o n  c o e f f i c i e n t  R = 0 . 5 ,  and  
f o r  A f  = 2 kHz, p = 0 . 8 4 .  We u s e  Formula (1) to c a l c u l a t e  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  between t h e  p h a s e  d i f f e r e n c e s  ( r  = 0 . 8 8 ) .  

C a l c u l a t e d  v a l u e s  o f  t h e  i n t e g r a l  ( 3 )  f o r  v a r i o u s  p a r a m e t e r s  
‘/‘A+2 

a r e  p r e s e n t e d  g r a p h i c a l l y  i n  F i g .  2 ( c u r v e  b ) .  Curve a i n  
t h e  same f i g u r e  i s  t h e  p r o b a b i l i t y  i n t e g r a l  

The p r o b a b i l i t y  P ( l A + l  < Q,)i s  e x p r e s s e d  as a p e r c e n t a g e
and d e t e r m i n e s  t h e  t i m e  f o r  Ghich t h e  p h a s e  d i f f e r e n c e  remains  
i n  t h e  range  (-Q, + @ ) .  On comparing t h e  c u r v e s ,  w e  n o t e  t h a t  t h e  
maximum d i v e r g e n c e  between t h e m  i s  o b s e r v e d  a t  s m a l l  v a l u e s  o f  
t h e  l i m i t s  Q, < 0 . 2 5  crA + z .  With i n c r e a s i n g  0, t h e  d i f f e r e n c e  

p ( l A + l  5 Q) - P ( l A 4 1 l  < a, I A + z l  < @ )  d e c r e a s e s ,  to v a n i s h  a t  
@/a+z  1 . 5 .  The c o i n c i d e n c e  o f  t h e  c u r v e s  a t  t h e  p o i n t  
Q, 1 . 5  0 becomes c l e a r  when w e  remember  t h a t  an  i n c r e a s e  i n  

4 2  
t h e  measurement l i m i t  Q, to 1.5 means an  i n c r e a s e  i n  t h e  l i m i t  

t o  2 . 4  0 A + l  fo r  l A $ l l .  
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It i s  t h e n  n e c e s s a r y  t o  d i - /x
v i d e  t h e  band A f  = 2 kHz i n t o  two 
p a r t s  i n  o r d e r  t o  improve t h e  
s t a t i s t i c a l  p i c t u r e  of  t h e  phase-
d i f f e r e n c e  f l u c t u a t i o n  i n  t h e  
band A f  = 4 kHz. I n  t h i s  c a s e ,  
R = 0 .84  and p = 0 . 9 6 .  I f  r i s  
c a l c u l a t e d  by Formula (l), w e  have 
r = 1. C o n s e q u e n t l y ,  t h e  phase
d i f f e r e n c e s  between t h e  f r e q u e n c i e s  
fo and f o  + 1 kHz and f o  and  f o  t 2 
kHz f l u c t u a t e  s y n c h r o n o u s l y .  Thus , 

Lc. -L C . - . .  t h e  i n t e g r a l  d i s t r i b u t i o n  f u n c t i o n  
05 lff f 5  20 25 g o f  t h e  p h a s e  d i f f e r e n c e  between 

f r e q u e n c i e s  f o  and f o  + 2 kHz i s  
F i g u r e  2 .  One-Dimensional v a l i d  o v e r  t h e  e n t i r e  2-kHz band.  
( a )  and Two-Dimensional 

( b  ) Pha.7.e D i f f e r e n c e  Thus, i n  o r d e r  to c a l c u l a t e  

P r o b a b i l i t y  D i s t r i b u t i o n  t h e  i n t e g r a l  d i s t r i b u t i o n  f u n c t i o n  
F u n c t i o n s .  o f  t h e  p h a s e  d i f f e r e n c e  i n  a f r e 

quency band between a l l  p o s s i b l e  
f requency  c o m b i n a t i o n s  w i t h i n  t h i s  

band ,  i t  i s  s u f f i c i e n t  to c a l c u l a t e  t h e  two-dimensional  d i s t r i b u 
t i o n  f u n c t i o n  of t h e  p h a s e  d i f f e r e n c e  be tween t h e  f r e q u e n c i e s  
bounding t h i s  band and between one of  t h e  end  f r e q u e n c i e s  and 
t h e  c e n t e r  f r e q u e n c y .  T h i s  c o n c l u s i o n  was d e r i v e d  f o r  a band 
bounded by f r e q u e n c i e s  whose c o r r e l a t i o n  c o e f f i c i e n t  e q u a l e d  
0 . 5 .  

DESCRIPTION OF APPARATUS 

The s i g n a l  - a c a r r i e r  modulated by a n  a u d i o  f r e q u e n c y  - i s  
a m p l i f i e d  i n  r e c e i v e r  R and f e d  a f t e r  c o n v e r s i o n  to f i l t e r s  F1, 
F o ,  and F P ,  which a re  t u n e d  to t h e  c o n v e r t e d  c a r r i e r  and lower  
and upper  s i d e  f r e q u e n c i e s ,  r e s p e c t i v e l y  ( F i g .  3 ) .  The s e l e c t e d  
f r e q u e n c i e s  go to mixers  MI and Mz. The upper  s i d e  and c a r r i e r  
a r e  mixed i n  mixer  M2 to y i e l d  t h e  d i f f e r e n c e  f r e q u e n c y  R .  

The upper  and l o w e r  s i d e  f r e q u e n c i e s  a r e  mixed i n  mixer  MI. 
The f requency  2 R  i s  s e p a r a t e d  a t  t h e  mixer  o u t p u t .  The s i g n a l  
w i t h  f r e q u e n c y  2 R  goes to l i m i t e r - a m p l i f i e r  LA f o r  c o n v e r s i o n  o f  
t h e  s i n e  wave to s q u a r e  p u l s e s .  A f t e r  d i v i s i o n  b y  2 by a f l i p - f l o p  
(2), t h e  p u l s e s  ( F i g .  1, bl ' )  go to t h e  i n p u t  o f  phasemeter  A$, 
whose o t h e r  i n p u t  r e c e i v e s  t h e  f r e q u e n c y  R .  The  p h a s e m e t e r  meas
u r e s  t h e  p h a s e  d i f f e r e n c e  between t h e  comparison s i g n a l s  by  meas
u r i n g  t h e  t i m e  i n t e r v a l  between t h e  l e a d i n g  edges  o f  t h e  a and P 
p u l s e s .  

Note s h o u l d  b e  t a k e n  o f  one p e c u l i a r i t y  o f  t h e  d i v i s i o n  c i r 
c u i t .  Depending on t h e  s t a t e  o f t h e  f l i p - f l o p ,  a p o s i t i v e  v o l t a g e  
drop  a c r o s s  i t s  o u t p u t  may r e s u l t  from e i t h e r  t h e  f i r s t  or t h e  
second p u l s e  ( F i g .  1). For t h i s  r e a s o n ,  two p h a s e  m e t e r  r e a d i n g s  



d i f f e r i n g  by 180" may c o r r e s p o n d  
t o  t h e  same v a l u e  of t h e  measured 
phase  d i f f e r e n c e .  

The f l i p - f l o p  may m i s f i r e  as 
a r e s u l t  of o c c a s i o n a l  deep f a d 
i n g  of  t h e  s i g n a l ,  a t  which t i m e s  
no s i g n a l  i s  i m p r e s s e d  on t h e  
f l i p - f l o p  i n p u t .  I n  such  c a s e s ,  
t h e  p h a s e - d i f f e r e n c e  f l u c t u a t i o n s  
w i l l  o b v i o u s l y  group a b o u t  two 
v a l u e s  s e p a r a t e d  by 1 8 0 " .  T h i s  
does n o t  g i v e  r i s e  to any com
p l i c a t i o n s  i n  r e d u c t i o n  of t h e  
r e s u l t s ,  s i n c e  i t  i s  s u f f i c i e n t  
t o  s h i f t  one of t h e  d i s t r i b u 
t i o n s  o b t a i n e d  t h r o u g h  180" t o  
o b t a i n  t h e  a c t u a l  d i s t r i b u t i o n .  

The f u n c t i o n i n g  of t h e  ap
p a r a t u s  w a s  checked w i t h  a s i g n a l  

D AR-
! M l  

Fo LAT=-ESF 
F i g u r e  3.  Block Diagram o f  
Apparatus  for Measurement 
o f  Channel PRC.  Fo, F1 Y F2 1 
F i l t e r s ;  R )  r e c e i v e r ;  MI, 
M2) m i x e r s ;  LA) l i m i t e r -
a m p l i f i e r ;  D )  d i v i d e r ;  A + )  
p h a s e  meter;  A R )  a u t o m a t i c  
r e c o r d e r .  

r e f l e c t e d  from t h e  s p o r a d i c  
E - l a y e r  on a 1400-km p a t h .  The 18.5-MHz f r e q u e n c y  w a s  modulated 
b y  a f requency  o f  1 kHz. The p h a s e  d i f f e r e n c e  between f r e 
q u e n c i e s  s e p a r a t e d  b y  1 kHz e x p e r i e n c e d  slow f l u c t u a t i o n s  w i t h  
p e r i o d s  from 30 s e c o n d s  t o  2 m i n u t e s .  The a m p l i t u d e  o f  t h e  f l u c 
t u a t i o n s  ranged  up to 4". 

A P P E N D 1  X 

EVALUATION .OF INTEGRAL ( 2 )  

A method of e v a l u a t i n g  i t e r a t e d  i n t e g r a l s  of  t h e  form 

n n 

i s  g i v e n  i n  [ 4 ] .  However, s o l u t i o n  of t h e  i n t e g r a l  t a k e n  i n  
f i n i t e  l i m i t s  i s  of  i n d e p e n d e n t  i n t e r e s t  and i s  i m p o r t a n t  f o r  
many a p p l i c a t i o n s .  An i n t e g r a l  o f  t h e  form ( 2 )  r e p r e s e n t s  a 
volume bounded a t  t h e  t o p  by t h e  s u r f a c e  w ~ ( A $ l ,  A $ z ) ,  and a t  
t h e  s i d e s  by  t h e  p l a n e s  A $ l  = * Q  and A $ 2  = ?Q. S i n c e  t h i s  volume 
i s  d i v i d e d  i n t o  two e q u a l  p a r t s  by  t h e  p l a n e  A$l = 0 ,  I n t e g r a l  
( 2 )  can  b e r e w r i t t e n  

I 




We i n t r o d u c e  t h e  s u b s t i t u t i o n  o f  v a r i a b l e s  

The i n t e g r a l  assumes t h e  form 
XI x2 

2
1- 7v m  f dx,  dx2esp - {x12 -2r.v,x2 $-x”}. 

b -x2 

Figure Regions Of Integra- To r e d u c e  t h e  e x p r e s s i o n  i n  t h e  
t i o n  w i t h  Respect  to t h e  exponent to a sum o f  s q u a r e s ,Variables  X I ,  x 2 ,  and y l ,  we conve r t  to t h e  new v a r i a b l e s  
Y 2 -

Here a = -r and D = 1 - a’. The J a c o b i a n  o f  t h e  t r a n s f o r m a t i o n  /60 
i s  D ( x 1 x 2 L = ~ - t 2 .  With t h e  new v a r i a b l e s  , t h e  i n t e g r a l  e q u a l s

D (Y1 Yz) 

To r educe  t h i s  i n t e g r a l  t o  an o r d i n a r y  d e f i n i t e  i n t e g r a l ,  
we c o n v e r t  t o  t h e  p o l a r  c o o r d i n a t e s  p and 0 ,  which a re  r e l a t e d  
to y1 and y 2  by  y 1  = pcos 0 .  

y2 =p sin 0, dy,dyz =pdpdO. 

The r e g i o n  o f  i n t e g r a t i o n  ( F i g .  4) i s  broken  up i n t o  f o u r  
t r i a n g l e s  and t h e  i n t e g r a t i o n  performed s e p a r a t e l y  f o r  each  of  
them. 

1. I n  t r i a n g l e  ABC 
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2 .  I n  t r i a n g l e  ACD 

3. I n  t r i a n g l e  ADE 

4. I n  t r i a n g l e  AEF 

arc c t g  aD-' a G 0<. -;; 

The g e n e r a l  form o f  t h e  i n t e g r a l  a f t e r  e v a l u a t i o n  o f  t h e  
i n n e r  i n t e g r a l s  w i l l  b e  

0 

Subsequent  e v a l u a t i o n  o f  t h e  r e s u l t i n g  i n t e g r a l s  i s  e a s i l y
performed n u m e r i c a l l y .  
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R A D I O - W  A V E  P R O P A G A T I O N  A T  F R E Q U E N  C I  E S  E X C E E D I N G  
M U F - F 2  IN T H E  S H O R T - W A V E  B A N D  

Ya.F. A s h k a l i y e v  and  V. I .  Bocharov 

ABSTRACT: The r e s u l t s  o f  measurements  o f  f i e l d  
s t r e n g t h  and  s i g n a l / n o i s e  r a t i o  on e x p e r i m e n t a l  
i o n o s p h e r i c - s c a t t e r i n g  s h o r t  wave r a d i o  l i n k s  are  
p r e s e n t e d .  It i s  shown t h a t  t h e  s e a s o n a l  and 
d i u r n a l  v a r i a t i o n s  o f  f i e l d  s t r e n g t h  are d e t e r 
mined b y  f e a t u r e s  o f  t h e  s e a s o n a l  and d i u r n a l  v a r i a 
t i o n s  o f  s o l a r  and m e t e o r i c  a c t i v i t y .  The r o l e  
o f  t h e  s p o r a d i c  E - l a y e r  i n  p r o p a g a t i o n  o f  s h o r t  
r a d i o  waves a t  f r e q u e n c i e s  e x c e e d i n g  MUF-F2 i s  
n o t e d .  Wi th  5 i l l u s t r a t i o n s  and 2 s o u r c e  c i t a 
t i  ons  . 

L i t t l e  s t u d y  h a s  been  d e v o t e d  t o  t h e  n a t u r a l  c c n t r a c t i o n  o f  
t h e  sho r t -wave  r a d i o  band  d u r i n g  y e a r s  o f  minimum s o l a r  a c t i v i t y  
and at n i g h t .  It i s  shown i n  [l] on t h e  b a s i s  o f  t h e  o p e r a t i n g  
f r e q u e n c i e s  a c t u a l l y  u s e d  on r a d i o  communica t ions  t r u n k  l i n e s  
t h a t  t h e  f r e q u e n c y  s p e c t r u m  a l l o c a t e d  f o r  s h o r t  waves i s  o n l y  
60% u t i l i z e d  d u r i n g  t h e  day and  4 0 %  u t i l i z e d  a t  n i g h t .  Conse
q u e n t l y ,  f r e q u e n c i e s  l o w e r  t h a n  recommended [ 2 ]  (35-60 MHz) can  
b e  used  on i o n o s p h e r i c - s c a t t e r i n g  l i n k s .  S p e c i a l  r e s e a r c h  i s  
r e q u i r e d  to e s t a b l i s h  t h e  p r a c t i c a l  p o s s i b i l i t i e s  o f  b u i l d i n g  
communica t ions  s y s t e m s  to work b y  i o n o s p h e r i c  s c a t t e r i n g  i n  t h e  
sho r t -wave  r a n g e  w i t h  c o n v e n t i o n a l  t e c h n i c a l  f a c i l i t i e s .  Such 
e x p e r i m e n t a l  s t u d i e s  have  b e e n  made i n  t h e  I o n o s p h e r e  S e c t o r  o f  
t h e  Academy o f  S c i e n c e s  o f  t h e  Kazakh SSR on t r a n s m i s s i o n  p a t h s  
of v a r i o u s  l e n g t h s  ( 1 9 6 5 - 1 9 6 6 ) .  

E x p e r i m e n t a l  method and r e d - u c t i o n  0.f d a t a .  The s t u d i e s  were  
pe r fo rmed  a t  midd le  l a t i t u d e s  on p a t h s  1 0 0 0 ,  1 4 0 0 ,  and 1650 km i n  
l e n g t h ,  and  a t  f r e q u e n c i e s  o f  1 6 . 1 7 0  and 1 8 . 3 4 0  M H z .  S t a n d a r d  
shor t -wave  equipment  w a s  u sed  a t  t h e  t r a n s m i t t i n g  and r e c e i v i n g  
s t a t i o n s .  The t r a n s m i t t e r s  o p e r a t e d  i n  t h e  c a r r i e r - f r e q u e n c y  
mode. The l e v e l  o f  t h e  r a d i o - f r e q u e n c y  v o l t a g e  a t  t h e  r e c e i v e r  
i n p u t  w a s  d e t e r m i n e d  by t h e  s u b s t i t u t i o n  method.  The s t a n d a r d  
w a s  a s i g n a l  f rom a G 4 - 1 A  g e n e r a t o r  t h a t  h a d  t h e  same f r e q u e n c y  
as t h e  t r a n s m i t t e r  c a r r i e r .  

The s i g n a l s  on t h e  t h r e e  r a d i o  l i n k s  were  r e g i s t e r e d  on 
p a p e r  t a p e  by N-370 a u t o m a t i c  r e c o r d e r s .  The c h a r t  t a p e  w a s  ad
vanced  a t  a r a t e  o f  1 . 5  “ / see .  The a v e r a g e  v a l u e  E o f  t h e  r a d i o -
f r e q u e n c y  s i g n a l  a t  t h e  r e c e i v e r  i n p u t  was e v a l u a t e d  as t h e  median  
s i g n a l  e n v e l o p e  l e v e l  o v e r  two 10-minute  measurement  i n t e r v a l s  
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d u r i n g  e a c h  h o u r  (00.05-00.15 and 0 0 . 5 0 - 0 0 . 0 1 ) .  Below w e  de- /63
s c r i b e  t h e  b a s i c  fea tures  o f  t h e  s i g n a l  s c a t t e r e d  on i o n o s p h e r i c  
i n h o m o g e n e i t i e s  , as w e l l  as i t s  d i u r n a l  and s e a s o n a l  v a r i a t i o n s .  

~ _ _ -G e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  r e c e i v e d  s i z n a l .  From t h e  
v e r y  f i rs t  s e s s i o n s  d u r i n g  which s i g n a l s  were r e c e i v e d  a t  f r e 
q u e n c i e s  above t h e  s t a n d a r d  MUF of  t h e  F 2 - l a y e r ,  a number o f  
c h a r a c t e r i s t i c  p e c u l i a r i t i e s  were n o t e d  i n  t h e  t i m e  v a r i a t i o n  
o f  t h e i r  e n v e l o p e .  On p a t h s  s h o r t e r  t h a n  2000 km, t h e  mani fes 
t a t i o n s  o f  t h e s e  p e c u l i a r i t i e s  were as f o l l o w s :  r a p i d  a n d  deep 
v a r i a t i o n s  o f  s i g n a l  a m p l i t u d e  a n d ,  t o g e t h e r  w i t h  a component 
h a v i n g  ra ther  s t a b l e  f l u c t u a t i o n  c h a r a c t e r i s t i c s ,  as i n  t h e  USW 
band,  very  s t r o n g  s u r g e s  w i t h  s t e e p  l e a d i n g  edges  and compara
t i v e l y  s low decay .  The a p p e a r a n c e  of  t h e s e  s u r g e s  i s  accompanied 
by a marked Doppler  f r e q u e n c y  s h i f t ,  which i s  m a n i f e s t e d  i n  t h e  
form o f  w h i s t l e s  o f  v a r i o u s  t o n e s  i n  code r e c e p t i o n .  T h i s  i s  
c h a r a c t e r i s t i c  f o r  r e f l e c t e d  s i g n a l s  f rom d e n s e  l a y e r s  o f  meteor
i c  i o n i z a t i o n  i n  t h e  l o w e r  i o n o s p h e r e .  Along w i t h  t h e  r e c o r d s  
o f  s i g n a l s  s c a t t e r e d  on  e l e c t r o n - c o n c e n t r a t i o n  i n h o m o g e n e i t i e s  , 
we o b s e r v e  t r a c e s  w i t h  very  s low and c o m p a r a t i v e l y  s h a l l o w  re 
c e i v e d - s i g n a l - a m p l i t u d e  v a r i a t i o n s .  I n  most c a s e s ,  such  t r a c e s  
are  accompanied by t h e  a p p e a r a n c e  of  a d e n s e  E - l a y e r  a t  t h e  mid
p o i n t  of t h e  p a t h .  

D i u r n a l  and s e a s o n a l  v a r i a t i o n s. o f  ._- - _ . ^_  .~ f i e l d  s t r e n g t h .  The 
s i g n a l - l e v e l  t r a c e s  for f r e q u e n c i e s  o f  1 6 . 1 7 0  and 18 .340  MHz on 
p a t h s  1400 and 1 6 5 0  km l o n g  were p r o c e s s e d  s t a t i s t i c a l l y  t o  ob
t a i n  t h e  median v a l u e s  f o r  e a c h  h o u r  ( F i g .  1). 

C h a r a c t e r i s t i c a l l y ,  f i e l d  s t r e n g t h  i n c r e a s e s  d u r i n g  t h e  
morning h o u r s  ( 0 9 - 1 0 h )  as a r e s u l t  o f  t h e  changes i n  t h e  c r i t i 
c a l  f r e q u e n c y  o f  t h e  E - l a y e r  ( f o E )  d u r i n g  t h e  c o u r s e  o f  t h e  day ,  
s i n c e  s c a t t e r e d - s i g n a l  f i e l d  s t r e n g t h  i s  p r o p o r t i o n a l  to f i E .  
The minimum l e v e l  i s  n o t e d  d u r i n g  t h e  morning (0Yh).  An e v e n i n g  
minimum ( 1 9 - 2 0  h o u r s )  i s  c h a r a c t e r i s t i c  f o r  t h e  USW band;  i t  i s  
s h i f t e d  toward m i d n i g h t  ( 0 0 - 0 1  h o u r s ) .  This  f e a t u r e  o f  t h e  
d i u r n a l  v a r i a t i o n  o f  t h e  s c a t t e r e d  s i g n a l  i s  e x p l a i n e d  very  
n i c e l y  by f e a t u r e s  of t h e  d i u r n a l  m e t e o r i c  and s o l a r  a c t i v i t y  
v a r i a t i o n s .  On comparing t h e  d i u r n a l - v a r i a t i o n  d a t a  f o r  t h e  s i g 
n a l s  on t h e s e  l i n k s ,  w e  n o t e  t h a t  t h e  morning minimum on t h e  
1650-km p a t h  was d e e p e r ,  i n d i c a t i n g  a s u b s t a n t i a l  m e t e o r i c  com
ponent  i n  t h e  r e c e i v e d  s i g n a l .  A n o c t u r n a l  maximum i s  o b s e r v e d  
on t h e  1400-km p a t h ,  b u t  t o  j u d g e  from t h e  d e p t h  o f  t h e  predawn 
minimum t h a t  f o l l o w s  i t ,  t h e  m e t e o r i c  component does n o t  p r e 
dominate  on t h i s  r a d i o  l i n k .  By comparison w i t h  t h e  n o c t u r a l  
maximum, t h e  d e p t h  o f  t h e  predawn minimum on t h e  1650-km p a t h  
i s  1 3  dB,  w h i l e  t h a t  on t h e  1400-km p a t h  i s  2 dB. The maximum 
f i e l d - s t r e n g t h  v a r i a t i o n s  o v e r  t h e  t i m e  c o v e r e d  by t h e  measure
ments are  1 5  and 1 0  d B ,  r e s p e c t i v e l y .  

A s  we s e e  from F i g .  2 ,  t h e  f i e l d - s t r e n g t h  maximum on t h e  
1400-km p a t h  ( 1 8 . 3 4 0  MHz) o c c u r s  i n  J u l y ,  l i k e  t h e  maximum o f  
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F i g u r e  1. S i g n a l  L e v e l  F i g u r e  2 .  S e a s o n a l  Varia
as a F u n c t i o n  of T i m e  t i o n s  of median Est. 1) 1 8 ,  
of Day. 1) 1 8  MHz; 2 )  34 MHz; 2 )  d e n s e  meteor34 MHz.  s w a r m ;  3 )  1 6 ,  17 MHz. 

m e t e o r i c  a c t i v i t y .  T h i s  i s  q u i t e  n a t u r a l ,  s i n c e  t h e  m e t e g r i c  
component makes a s u b s t a n t i a l  c o n t r i b u t i o n  t o  t h e  t o t a l  s c a t t e r e d -
s i g n a l  l e v e l .  There are no d a t a  f o r  t h e  1650-km p a t h  i n  June  and 
J u l y ;  d u r i n g  t h e s e  months,  p r o p a g a t i o n  w a s  by  r e f l e c t i o n  from 
t h e  s p o r a d i c  E - l a y e r  ( 9 0 %  o f  t h e  t i m e ) .  

Minimum s i g n a l  v a l u e s  are  r e g i s t e r e d  d u r i n g  p e r i o d s  around 
t h e  v e r n a l  and au tumnal  equinoxes  ( F e b r u a r y ,  S e p t e m b e r ) .  F i e l d  
s t r e n g t h  r i s e s  a p p r e c i a b l y  i n  November, a p p a r e n t l y  as a r e s u l t  
of t h e  e a r t h ' s  p a s s a g e  t h r o u g h  t h e  Leonid meteor  s w a r m s .  

R e l a t i o n  o f  s i g n a l  l e v e l  t o  
E - l a y e r .  Very s t r o n g  s i g n a l s-s -

were very o f t e n  r e c e i v e d ,  f o r  

p e r i o d s  o f  s e v e r a l  m i n u t e s  and 

l o n g e r ,  and even f o r  s e v e r a l  h o u r s  

on c e r t a i n  d a y s .  The h i g h - l e v e l  

s i g n a l s  are  most f r e q u e n t l y  ob

s e r v e d  d u r i n g  t h e  dayt ime and f o r  

t h e  most p a r t  i n  summer (May-

A u g u s t ) .  During s p r i n g  and 

autumn, h i g h - l e v e l  s i g n a l s  a p p e a r  

much l e s s  f r e q u e n t l y .  On compar

i n g  t h e  h i g h - l e v e l  s i g n a l s  on t h e  

1650-km p a t h  ( 1 6 . 1 7 0  MHz) w i t h  t h e  

i o n o s p h e r i c  data for t h e  m i d p o i n t  

o f  t h i s  p a t h ,  w e  n o t e  t h a t  t h e  

h i g h - l e v e l  s i g n a l s  are a s s o c i a t e d  

w i t h  t h e  appearance  of a n  ES-layer  

w i t h  l i m i t i n g  f r e q u e n c i e s  f o E S  2 
-> 3 MHz a t  t h e  middle  of t h e  p a t h .  

\ 
\ 
1 

I. .,._... . .>_ 1 >- L.-L--

zf 23 01 U . 0 5  07 U8 f /  
Hours 

F i g u r e  3. D i u r n a l  Varia
t i o n  of Est, P r o p a g a t i o n  
V i a  S p o r a d i c  E-Layer: 1)
1 6 . 1  MHz; 2 )  1 8 . 3  MHz. 
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At c e r t a i n  h o u r s  d u r i n g  t h e  d a y t i m e ,  t h e  l e v e l  a t  16.170 
MHz exceeds  500 uV, b u t  i t  f l u c t u a t e s  i n  t h e  100-pV r a n g e  a t  
n i g h t  ( F i g .  3 ) .  At 1 8 . 3 4 0  MHz, t h e  dayt ime l e v e l  r e a c h e s  250 
1.1v a t  c e r t a i n  h o u r s ,  w h i l e  a t  n i g h t  i t  v a r i e s  i n  t h e  same r a n g e  
as a t  1 6 . 1 7 0  MHz. 

I - . . . . _ .  . 
22 02 06 tU 

Hours’ 

F i g u r e  4 .  D i u r n a l  Varia- F i g u r e  5 .  S e a s o n a l  Varia
t i o n  o f  S i g n a l / N o i s e  t i  on o f S i  gna 1/No is e 
R a t i o .  1) 1 8 . 3 4  MHz; 2 )  R a t i o .  1) 1 8 . 3 4  MHz; 2)
1 6 . 1 7  MHz. 1 6 . 1 7  MHz. 

-_S i g n a l / n o i s - e._-r a t io .  Cosmic n o i s e  was measured r e g u l a r l y  on 
a l l  p a t h s  for f i v e  m i n u t e s  a t  t h e  h a l f - h o u r ,  a f u n c t i o n  f o r  which 
t h e  t r a n s m i t t e r  w a s  s w i t c h e d  o f f .  The f i v e - m i n u t e  n o i s e  r e c o r d  
was t h e n  used  to d e t e r m i n e  t h e  median v a l u e  f o r  each measurement 
s e s s i o n .  Noise l e v e l  v a r i e d  i n s i g n i f i c a n t l y ,  amounting to 0 . 3  
pV a t  18 .340  MHz and 0 . 3 5  pV at 1 6 . 1 7  MHz ( F i g .  4 ) .  The d a t a  on 
t h e  d i u r n a l  v a r i a t i o n  o f  t h e  s i g n a l / n o i s e  r a t i o  w i t h  t h e  d i u r n a l  
f i e l d - s t r e n g t h  v a r i a t i o n  i n d i c a t e  t h a t  t h e  b a s i c  f e a t u r e s  o f  t h e  
f i e l d - s t r e n g t h  measurements are  d u p l i c a t e d .  At 1 8 . 3 4 0  MHz, t h e  
maximum v a l u e  o c c u r s  d u r i n g  t h e  morning h o u r s  (9-10) and i s  29 d B ,  
w h i l e  t h e  minimum a t  5 h o u r s  i s  22 d B .  At 16.170 MHz, t h e  s i g n a l /  /66
n o i s e  r a t i o  v a r i e s  from 7 to 2 0  d B  t h r o u g h o u t  t h e  day a t  1 6 . 1 7  
MHz and from 20 to 28  d B  a t  1 8 . 3 4  MHz. 

For t h e  most p a r t ,  t h e  s i g n a l / n o i s e  r a t i o  i s  above 1 0  d B  on 
b o t h  f r e q u e n c i e s  ( F i g .  5 )  b u t  n o t  c o n s t a n t  t h r o u g h o u t  t h e  y e a r .  
The l a r g e s t  v a l u e s  a r e  s e e n  i n  summer and t h e  s m a l l e s t  ones i n  
t h e  f a l l .  I n  a l l  months,  t h e  s i g n a l / n o i s e  r a t i o  a t  1 8 . 3 4 0  MHz 
a v e r a g e s  5-10 dB h i g h e r  t h a n  t h a t  at 1 6 . 1 7 0  MHz ( F i g .  5 ) .  

CONCLUSIONS 

1. The f i e l d  s t r e n g t h  of t h e  s i g n a l  s c a t t e r e d  b y  t h e  lower 
i o n o s p h e r e  and t h e  s i g n a l / n o i s e  r a t i o  v a r y  t h r o u g h o u t  t h e  day and 
o v e r  t h e  s e a s o n s  i n  a c c o r d a n c e  w i t h  t h e  f e a t u r e s  o f  t h e  d i u r n a l  
and s e a s o n a l  solar and m e t e o r i c  a c t i v i t y  v a r i a t i o n s .  
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2 .  When h i g h l y  d i r e c t i o n a l  a n t e n n a s  a r e  used  a t  t h e  r e c e i v 
i n g  end and t h e  t r a n s m i t t e r s  have o u t p u t s  o f  20  kW, t h e  a v e r a g e  
s i g n a l / n o i s e  r a t i o  does  n o t  drop  below 2 0  dB even  under  t h e  most 
u n f a v o r a b l e  p r o p a g a t i o n  c o n d i t i o n s  (September) .  

3. R e f l e c t i o n  from t h e  ES-layer  i s  a n  i m p o r t a n t  f a c t o r  i n  
t h e  p r o p a g a t i o n  o f  s h o r t  r a d i o  waves whose f r e q u e n c i e s  exceed  t h e  
MUF o f  t h e  F 2 - l a y e r .  I n  summer, t h i s  p r o p a g a t i o n  mechanism i s  
d e c i s i v e  f o r  f r e q u e n c i e s  below 20  MHz.  
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OCCUPANCY OF T H E  R A D I O - F R E Q U E N C Y  S P E C T R U M  
I N  T H E  1 6 - 2 3  MHz B A N D  

Ya.F. Ashkal iyev  and V . I .  Bocharov 

ABSTRACT: The p a p e r  p r e s e n t s  t h e  r e s u l t s  o f  meas
urement o f  t h e  a c t u a l  u t i l i z a t i o n  o f  t h e  s h o r t 
wave f r equency  band,  which were o b t a i n e d  by con
t i n u o u s  r e g i s t r a t i o n  of t h e  number o f  r a d i o  s ta
t i o n s  i n  t h e  16-23-MHz band o v e r  an a n n u a l  c y c l e
( 1 9 6 5 ) .  It  i s  shown t h a t  t h e r e  i s  a d e f i n i t e  
r e l a t i o n  between t h e  number o f  r a d i o  s t a t i o n s  and 
t h e  v a r i a t i o n s  of MUF-F2. During y e a r s  o f  m i n i 
mum s o l a r  a c t i v i t y  and a t  n i g h t ,  segments  f r e e  
o f  r a d i o  s t a t i o n s  o p e r a t i n g  b y  normal r e f l e c t i o n ,  
can b e  s e l e c t e d  i n  t h e  18-23-MHz band f o r  i o n o s 
p h e r i c - s c a t t e r i n g  l i n k s .  

To e v a l u a t e  t h e  p r o s p e c t s  f o r  r a d i o  communications by s c a t 
t e r i n g  o f  s h o r t  r a d i o  waves i n  t h e  lower  i o n o s p h e r e ,  i t  i s  i m 
p o r t a n t  t o  know t h e  l e v e l s  o f  n o i s e  o f  n a t u r a l  o r i g i n  (atmos
p h e r i c  and cosmic)  and i n t e r f e r e n c e  from r a d i o  s t a t i o n s  working 
by normal  r e f l e c t i o n .  S i n c e  i n t e r f e r e n c e  from r a d i o  s t a t i o n s  
w i l l  obv ious ly  predominate  a t  c e r t a i n  t i m e s  o f  t h e  day  and y e a r ,  
t h e r e  i s  a genuine  need  t o  i n v e s t i g a t e  t h e  occupancy o f  t h e  r a d i o -
f requency  spec t rum i n  t h e  16-23-m~band i n  o r d e r  t o  o b t a i n  s t a 
t i s t i c a l  d a t a  on i t s  a c t u a l  u t i l i z a t i o n .  

I n  t h e  16-23-MHz band* [I], t h e  maximum u s a b l e  f r e q u e n c i e s  
(MUF-F2) seldom exceed  16 MHz d u r i n g  y e a r s  o f  minimum s o l a r  a c 
t i v i t y  and a t  n i g h t ;  consequen t ly ,  a working f r equency  f o r  an  
i o n o s p h e r i c - s c a t t e r i n g  l i n k  can b e  s e l e c t e d  i n  t h i s  f r equency  
band.  We under took  round- the-c lock  o b s e r v a t i o n s  of t h e  b a s i c  
p a t t e r n s  i n  t h e  d i u r n a l  and s e a s o n a l  v a r i a t i o n s  o f  occupancy o f  
t h e  16-23-MHz r a d i o  band d u r i n g  1 9 6 5 .  

Apparatus  f o r -s- tudy -0-f o~gc.upanc-yo f  r ad io - f r eq~uency  spec t rum_--c 


and method o f  measurem-ent. An i n s t r u m e n t '  w a s  b u i l t  f o r  i n v e s t i . 
g a t i o n  of  t h e  o c c u p a n c y T f  t h e  r ad io - f r equency  spec t rum ( F i g .  1). 
The an tenna  u n i t  was a wide-band h o r i z o n t a l  (WBH) d i p o l e  suspended 
a t  a h e i g h t  of  16 m above t h e  ground.  The an tenna  o u t p u t  v o l t a g e  
was a p p l i e d  v i a  an  RD-116 c a b l e  t o  a ba l anced  t r a n s f o r m e r  ( B T ) .  

- - - - . . . . -_.. . .. 

*Mesyachnyy prognoz r a s p r o s t r a n e n i y a  r a d i o v o l n  [Monthly Radio 
P r o p a g a t i o n  F o r e c a s t s ] .  Moscow, I Z M I R  AN SSSR [ I n s t i t u t e  of  T e r 
r e s t r i a l  Magnetism, t h e  Ionosphe re ,  and Radio-Wave P r o p a g a t i o n  
of t h e  Academy o f  S c i e n c e s  of t h e  USSR], 1 9 6 4 .  
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The s i g n a l  from t h e  unbalanced  t r a n s f o r m e r  o u t p u t  was f e d  
t h r o u g h  a c o a x i a l  s w i t c h  to a "Volna-K" r e c e i v e r .  The r e c e i v e r  
w a s  t u n e d  t h r o u g h  t h e  16-23-MHz band w i t h  a synchronous r e v e r s 
i n g  m o t o r ,  which was r e v e r s e d  a u t o m a t i c a l l y  by s e t t i n g  up micro- /&
c o n t a c t s  a t  t h e  b e g i n n i n g  and end o f  t h e  r e c e i v e r  s c a l e  to b e  
t r i p p e d  b y  p r e s s u r e  f rom t h e  t u n i n g  i n d i c a t o r .  The s i g n a l  was 
s e n t  from t h e  i n t e r m e d i a t e - f r e q u e n c y  o u t p u t  t o  a n  a m p l i f i e r -
d e t e c t o r  t o  which a n  N-370M a u t o m a t i c  r e c o r d e r  w a s  connec ted .  

A G 4 - 1 A  g e n e r a t o r  

and a m p l i t u d e  c a l i b r a -
"Volna- K"- OA 

I 1 

t i o n .  The t ime t o  sweep - --u 

one d i r e c t i o n  w a s  1 

h o u r .  A s i g n a l  whose ."541A 

v o l t a g e  was t w i c e  t h e  0
n o i s e  l e v e l  was u s e d  as 

i n t e r f e r e n c e .  The num- F i g u r e  1. Block Diagram o f  Apparatus  

b e r  of i n t e r f e r i n g  s ta - f o r  Measurement o f  Occupancy o f  

t i o n s  w a s  computed i n  a Radio-Frequency Sp e c t  rum. 

A f  = 0 . 2 5  " Iz  band ( F i g .  

2 ) .  

D i u r n a l  v a r i a t i o n s  of numbe-r of  r a d i o  s t a t i o n s .  A c h a r a c t e r 
i s t i c  f e a t u r e  i n - t h e - d i u r n a l  v a r i a t i o n  of the number o f  r a d i o  
s t a t i o n s  i s  t h e  p r e s e n c e  o f  a predawn minimum and a n  a f t e r n o o n  
maximum o f  t h e  number o f  i n t e r f e r i n g  s t a t i o n s  ( F i g .  3 ) .  The num
b e r  of s t a t i o n s  d r o p s  o f f  r a p i d l y  w i t h  i n c r e a s i n g  f r e q u e n c y .  The 
d i u r n a l  v a r i a t i o n s  o f  t h e  p r o b a b i l i t y  o f  i n t e r f e r e n c e  from n e i g h 
b o r i n g  s t a t i o n s  a re  g e n e r a l l y  s i m i l a r  to t h e  v a r i a t i o n s  of MUF-F2. 
However, s u b s t a n t i a l  d i s a g r e e m e n t  i s  a l s o  d e t e c t e d  on d e t a i l e d  
a n a l y s i s  of  t h e s e  r e l a t i o n s h i p s .  It becomes c l e a r l y  e v i d e n t  t h a t  
t h e  maximum number of s t a t i o n s  i s  s h i f t e d  to a l a t e r  p o i n t  i n  
t i m e ,  l a g g i n g  b e h i n d  t h e  MUF by a p p r o x i m a t e l y  t h r e e  h o u r s .  Data 
from an  i o n o s p h e r i c  probe  a t  t h e  measurement s t a t i o n  were used  
t o  compute t h e  v a r i a t i o n s .  Consequent ly ,  t h e  incoming i n t e r f e r 
ence  i s  predominant ly  from t h e  w e s t ;  t h e  p r o b a b i l i t y  of i n t e r f e r 
ence  from t h e  r a d i o  s t a t i o n s  i s  d e t e r m i n e d  e n t i r e l y  b y  t h e  s t a t e  
o f  t h e  i o n o s p h e r e  and p r i m a r i l y  by t h e  b e h a v i o r  o f  t h e  MUF. 

The t ime i n t e r v a l s  d u r i n g  which t h e  e f f e c t s  o f  i n t e r f e r e n c e  
were minimal were e v a l u a t e d  from t h e  d i u r n a l  v a r i a t i o n s  f o r  each  
month: t h e s e  i n t e r v a l s  were from 3 t o  6 h o u r s  l o c a l  t i m e  i n  a l l  
s e a s o n s  o f  t h e  y e a r ,  and from 0 to 6 h o u r s  a t  a l l  f r e q u e n c i e s  
d u r i n g  t h e  autumn and s p r i n g  months.  The p r o b a b i l i t y  of i n t e r 
f e r e n c e  a t  2 2  MHz se ldom exceeds  3O%, even  d u r i n g  t h e  d a y t i m e .  

Seas-onal v a r i - a t i o n s  o f  i n t e r f e r e n c e  p r o b a b i l i Q .  If w e  con
s i d e r  t h e  s e a s o n a l  v a r i a t i o n  o f  t h e  p r o b a b i l i t y  o f  i n t e r f e r e n c e  
from r a d i o  s t a t i o n s  a t  0 0 . 0 0  h o u r s  l o c a l  t i m e  ( F i g .  41, we n o t e  
t h a t  t h e  l a r g e s t  numbers o f  r a d i o  s t a t i o n s  are  r e c e i v e d  d u r i n g  
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F i g u r e  2 .  T y p i c a l  F i e l d - S t r e n g t h  Traces  
C h a r a c t e r i s t i c  f o r  Night t ime ( a ) ,  Predawn 
( b ) ,  and  D a y t i m e  ( c )  Hours. 

t h e  Summer months (May-July).  The MUF shows a s i m i l a r  s e a s o n a l  
v a r i a t i o n .  The c o r r e l a t i o n s  between t h e  i n t e r f e r e n c e  p r o b a b i l i t y  
and t h e  MUF a r e  a l s o  v e r y  c l o s e  for o t h e r  t i m e s  o f  day ( F i g .  5 ) .  

These q u a n t i t i e s  have i n  common m a x i m a  a t  t h e  same seasons  
o f  t h e  y e a r ,  b u t  t h e i r  p r o p o r t i o n s  a r e  d i f f e r e n t .  Whi le  t h e  
autumn maximum of  MUF-F2 i s  s h a r p  and exceeds  t h e  s p r i n g  maximum, 
t h e  p i c t u r e  i s  c h a r a c t e r i s t i c a l l y  r e v e r s e d  f o r  t h e  i n t e r f e r e n c e  /71
p r o b a b i l i t y .  The autumn maximum I s  on ly  f a i n t l y  d i s c e r n i b l e  , 
w h i l e  t h e  s p r i n g  maximum i s  conspicuous .  

Thus , l i k e  t h e  d i u r n a l  v a r i a t i o n s ,  t h e  s e a s o n a l  v a r i a t i o n s  
of  t h e  r a d i o - s t a t i o n  i n t e r f e r e n c e  p r o b a b i l i t y  a re  de termined  t o  
a s u b s t a n t i a l  deg ree  by  t h e  v a r i a t i o n s  o f  MUF-F2. It i s  e v i d e n t  
h e r e  t h a t  t h e  p r o b a b i l i t y  o f  i n t e r f e r e n c e  from n e i g h b o r i n g  s ta 
t i o n s  i n c r e a s e s  w i t h  r i s i n g  MUF. However, i t  has  n o t  been pos
s i b l e  to e s t a b l i s h  any u n i v e r s a l  r e l a t i o n s h i p  , a l though  t h e  i n t e r 
f e r e n c e  from r a d i o  s t a t i o n s  v a r i e s  as a f u n c t i o n  o f  t h e  s t a t e  of 
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F i g u r e  3.  Number o f  
= 0 . 2 5  MHz Band as 
Day: 1) 1 6  MHz; 2 )  
20 MHz; 5 )  2 2  MHz;  

Months 

F i g u r e  4. Number of  Radio  
S t a t i o n s  i n  A f  = 0 . 2 5  MHz 
Band: 1) 1 6  MHz; 2 )  1 8  
MHz; 3 )  19 MHz; 4 )  20  MHz;
5 )  MUF; 6 )  2 2  MHz. 

Radio  S t a t i o n s  i n  A f  = 
a F u n c t i o n  of T i m e  o f  
1 8  MHz; 3 )  19 MHz; 4 )
6 )  MUF-F2. 

n, MHz 

.donths 

F i g u r e  5 .  Number of Radio  
S t a t i o n s  i n  A f  = 0 . 2 5  MHz 
Band f o r  9h .  1) MUF-F2; 2 )
1 6  MHz; 3 )  1 8  MHz; 4) 19 
MHz; 5 ,  6 )  22 MHz. 

t h e  i o n o s p h e r e .  I n t e r f e r e n c e  f rom n e i g h b o r i n g  s t a t i o n s  i s  a 
randoin p r o c e s s ,  and  t h e  number of  r a d i o  s t a t i o n s  working  on a 
g i v e n  segment o f  t h e  f r e q u e n c y  band  depends  on t h e  t i m e  o f  d a y ,  
t h e  s e a s o n ,  and a number o f  o t h e r  f a c t o r s .  
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F i g u r e  6 .  Prob a b i l i t y  
That a Given Number 
o f  S t a t i o n s  w i l l  b e  
Exceeded as a Func
t i o n  of  Frequency.  
The Numerals are  t h e  
Numbers o f  S t a t i o n s  
i n  A f  = 0.25-MHz 
Ban-ds . 

i s t i c  of  r a d i o  s t a t i o n  i n t e r f e r e n c e  i s  
t h e  a b s o l u t e  or r e l a t i v e  v a l u e  of t h e  
t i m e  d u r i n g  which t h e  number of  i n t e r 
f e r i n g  s t a t i o n s  exceeds  a g i v e n  v a l u e  
( F i g .  6 ) .  

We see from t h e  f i g u r e  t h a t  t h e  
t i m e  d u r i n g  which t h e r e  a r e  more i n t e r 
f e r i n g  s t a t i o n s  t h a n  t h e  number i n d i 
c a t e d  on t h e  c o r r e s p o n d i n g  c u r v e  de
c r e a s e s  w i t h  r i s i n g  f r e q u e n c y .  A s 
p e c t s  of t h e  f r e q u e n c y  dependence i n 
c l u d e  a d e c r e a s e  i n  t h e  number o f  i n 
t e r f e r e n c e  s o u r c e s  a t  1 7  MHz, a n  i n 
c r e a s e  a t  18-19 MHz, and t h e n  a smooth 
d e c r e a s e  a t  h i g h e r  f r e q u e n c i e s .  No 
fewer t h a n  one s t a t i o n  p e r  0.25-MHz 
bandwidth was r e g i s t e r e d  round-the-
c l o c k  a t  1 6  MHz. N o  fewer t h a n  7 s ta 
t i o n s  a r e  i n  o p e r a t i o n  a t  t h i s  f re 
quency d u r i n g  h a l f  of t h e  t i m e .  From 
March t h r o u g h  J u l y ,  t h e  number r e a c h e s  
its maximum v a l u e  of 1 2 .  It i s  i n t e r 
e s t i n g  t o  n o t e  t h a t  a t  l e a s t  one s t a 
t i o n  i s  o b s e r v e d  round- the-c lock  even  
around 22 MHz d u r i n g  c e r t a i n  months.  
About 50% of t h e  t i m e ,  no more t h a n  

t h r e e  s t a t i o n s  a re  i n  o D e r a t i o n  a t  2 2  MHz. There  a r e  a l w a y s
fewer t h a n  6 working  r a d i o  s t a t i o n s  i n  a 0.25-MHz band around 22 
MHz t h r o u g h o u t  t h e  e n t i r e  p e r i o d  o f  t h e  measurements .  

Thus,  t h e  n a t u r e  o f  t h e  d i u r n a l  and s e a s o n a l  v a r i a t i o n s  of 
t h e  number o f  s t a t i o n s  i s  d e t e r m i n e d  i n  g e n e r a l  by t h e  manner i n  
which t h e  maximum u s a b l e  f r e q u e n c y  v a r i e s .  However, t h e r e  a r e  
s u b s t a n t i a l  d e t a i l  d i f f e r e n c e s ,  e s p e c i a l l y  i n  t h e  s e a s o n a l  v a r i a 
t i o n ;  a l t h o u g h  t h e  MUF seldom exceeds  1 6  MHz d u r i n g  a s o l a r  ac
t i v i t y  minimum, i t  i s  s t i l l  i m p o s s i b l e  to s e l e c t  a segment f r e e  
of r a d i o  s t a t i o n s  i n  t h e  16-17-MHz band.  Such segments  can b e  
s e l e c t e d  a t  any t i m e  o f  day or y e a r  o n l y  i n  t h e  18-23-MHz band 
by u s i n g  a u t h o r i z e d  f r e q u e n c i e s  on i o n o s p h e r i c - s c a t t e r i n g  l i n k s .  

O p e r a t i n g  f r e q u e n c i e s  above 2 2  MHz must b e  s e l e c t e d  t o  
e l i m i n a t e  c o m p l e t e l y  i n t e r f e r e n c e  f rom r a d i o  s t a t i o n s  working  by 
normal  r e f l e c t i o n .  
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ABSTRACT: Smearing o f  t h e  s c a t t e r e d - e n e r g y  f l u x  
d e n s i t y  o v e r  a c e r t a i n  r a n g e  of a n g l e s  o f  a r r i v a l  
p e r m i t s  t h e  u s e  of a r e c e i v i n g - e n d  a n t e n n a  w i t h  
a h e i g h t  l o w e r  t h a n  t h e o r e t i c a l .  

It h a s  been  o b s e r v e d  t h a t  t h e  median s c a t t e r e d - s i g n a l  l e v e l  
r e c e i v e d  on a n t e n n a s  suspended  a t  v a r i o u s  h e i g h t s  undergoes  
minor  v a r i a t i o n s  [l]. E v i d e n t l y  , c o n c e n t r a t i o n  o f  t h e  energy  
f l u x  d e n s i t y  i n  a c e r t a i n  r a n g e  of a n g l e s  of a r r i v a l  must b e  
r e g a r d e d  as one p o s s i b l e  c a u s e  o f  t h e  c o n s t a n c y  o f  t h e  s c a t t e r e d -
s i g n a l  l e v e l .  

Smearing o f  t h e  s c a t t e r e d - e n e r g y  f l u x  d e n s i t y  o c c u r s  [2] as 
a f u n c t i o n  of t h e  f i n e  s t r u c t u r e  of t h e  s c a t t e r i n g  r e g i o n  i n  t h e  

i ti o n o s p h e r e .  To o b t a i n  q u a n t i t a t i v e  f i g u r e s ,
e x p l a i n  t h e  e ' x p e r i m e n t a l  r e s u l t s  t h e o r e t i c a l l y .  
to s i m p l i f y  m a t h e m a t i c a l  a n a l y s i s  o f  t h e  h e i g h t  
zone o f  t h e  ground s u r f a c e  a round t h e  a n t e n n a  i s  
f i r s t  F r e s n e l  zones a n d  h a s  t h e  p r o p e r t i e s  of a 
t h a t  t h e  r e f l e c t i o n  c o e f f i c i e n t  i s  u n i t y .  

The s c a t t e r e d - e n e r g y  f l u x  d e n s i t y  r e a c h i n g
t h e  o f  l a r g e  number of d i f f e r e n t  

i s  n e c e s s a r y  to 
W e  s h a l l  assume 

l o s s e s  t h a t  t h e  
f l a t  w i t h i n  t h e  

d i e l e c t r i c ,  and 

t h e  r e c e i v i n g  
a n t e n n a  i s  a g g r e g a t e  a compo
n e n t s .  Applying t h e  s u p e r p o s i t i o n  p r i n c i p l e ,  w e  s h a l l  s u b s t i 
t u t e  a s y s t e m  of n d i s c r e t e  beams for t h e  a n g u l a r  d i s t r i b u t i o n  
o f  t h e  s c a t t e r e d  beams.  

If t h e  a n t e n n a  i s  mounted at h e i g h t  h and beam n a r r i v e s  a t  
a n  a n g l e  0n w i t h  p h a s e  a n ,  t h e  r e s u l t a n t  s i g n a l  E l  a r r i v i n g  d i 

r e c t l y  a t  t h e  a n t e n n a  a n d  E 2  r e f l e c t e d  from t h e  ground s u r f a c e  
c an b e w r i t  t e n  

Here n i s  t h e  number of beams,  0n i s  t h e  i n s t a n t a n e o u s  a n g l e  
of a r r i v a l  of  t h e  beam,  k i s  t h e  wave number, and  An and an are  
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t h e  a m p l i t u d e  a n d  p h a s e  o f  t h e  s c a t t e r e d  components. Assuming a 
fq u a s i c o h e r e n t  s c a t t e r e d  s i g n a l ,  t h e  power a t  t h e  r e c e i v i n g - /*

a n t e n n a  o u t p u t  can b e  r e p r e s e n t e d  as 

S i n c e  t h e  t e r m s  E: and E? can  b e  i n t e r p r e t e d  s imply  as a v e r -
a e owers o f t h e  same s i g n a l ,  b u t  w i t h  d i f f e r e n t  p h a s e s ,  w e  have3 E22 = E 2 .  We can t h e n  w r i t e  ( 2 )  as f o l l o w s :  

where p i s  t h e  c o e f f i c i e n t  of c o r r e l a t i o n  between E 1  and E 2 .  

To e v a l u a t e  p, l e t  us  examine t h e  p r o d u c t  o f  t h e  sums of t h e  
random p r o c e s s e s  i n  ( 2 )  i n  g r e a t e r  d e t a i l :  

The p r o d u c t  o f  t h e  sums o f  t h e  random p r o c e s s e s  i s  e q u a l  t o  
t h e  sum o f  t h e  c o r r e l a t i o n  f u n c t i o n s  o f  e a c h  o f  them p l u s  t h e  sum 
of  a l l  mutua l  c o r r e l a t i o n  f u n c t i o n s  t h a t  can  b e  formed from any 
p a i r  o f  summable random v a r i a b l e s  C31. 

S i n c e  t h e  mechanism o f  radio-wave p r o p a g a t i o n  b y  s c a t t e r i n g  /x
on e l e c t r o n - c o n c e n t r a t i o n  i n h o m o g e n e i t i e s  i s  i n c o h e r e n t ,  t h e  
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second  t e r m  i n  (4) c a n  b e  s e t  e q u a l  to z e r o .  I f ,  f u r t h e r ,  w e  
c o n s i d e r  t h a t  t h e  s c a t t e r i n g  r e g i o n  can  be  r e g a r d e d  as a n  ex
t r e m e l y  t u r b i d  medium, it becomes obv ious  t h a t  A I n  -- A Z n  and 

aI n  = - t h e n  E x p r e s s i o n  (4) c a n  b e  w r i t t e n  as f o l l o w s  a f t e ra2 n y  
s i m p l e  t r a n s f o r m a t i o n s :  

-
'E1.E2=l N An2(0 , , )cos(2Kh sine,,). ( 5 )

n-1 

With s i m i l a r  t r a n s f o r m a t i o n s  f o r  
o b t a i n  t h e  c o r r e l a t i o n  c o e f f i c i e n t  

E x p r e s s i o n  ( 6 )  c a n  b e  s i m p l i 
f i e d  i f  w e  c o n s i d e r  t h a t  t h e  a n g l e s  
o f  a r r i v a l  a r e  n o r m a l l y  no  more t h a n  
a few d e g r e e s ,  s o  t h a t  s i n  On  z O n ,  

and t h e  a n t e n n a  s u s p e n s i o n  h e i g h t  
i s  assumed e q u a l  t o  h = x h o ,  
where ho = h / 4 0 0  i s  t h e  t h e o r e t i c a l  
optimum h e i g h t .  

R e p l a c i n g  t h e  sum i n  ( 6 )  by 
t h e  i n t e g r a l  , we o b t a i n  

(7) 


where 0 0  i s  t h e  a n g l e  o f  a r r i v a l  o f  
t h e  s c a t t e r e d - e n e r g y  f l u x - d e n s i t y  
maximum. To d e t e r m i n e  t h e  t h e o r e t i 
c a l  h e i g h t  l o s s e s ,  E x p r e s s i o n  ( 7 )  i s  
l n t e g r a t e d  n u m e r i c a l l y  w i t h  c o n s i d e r 
a t i o n  o f  t h e  s m e a r i n g  o f  t h e  a n g l e s  of  
d i s t r i b u t i o n  i n  t h e  a n g l e  s p e c t r u m  i s  
s i n e  wave : 

t h e  d e n o m i n a t o r  i n  ( 3 1 ,  w e  

I 
4 . 

F i g u r e  1. Power ( P )  a t  
R e c e i v e r  Output  for V a r 
i o u s  Antenna S u s p e n s i o n  
H e i g h t s  R e f e r r e d  t o  O p t i 
mum He igh t  and  B l u r r i n g  
o f  S c a t  t e r e  d-Ene rgy  F 1ux 
D e n s i t y .  

a r r i v a l .  The a m p l i t u d e  
t a k e n  i n  t h e  form o f  a 
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A s  w e  shou ld  e x p e c t ,  w e  o b t a i n  p = cos 'rrx f rom ( 7 )  f o r  0 = 
= 0 0 .  With x = 1, P assumes i t s  maximum p o s s i b l e  v a l u e  o f  
6 dB, i . e . ,  i s  t h e  same as i n  cohe ren t  r e c e p t i o n .  Consequent ly ,  
t h e  ionosphe re  behaves as a smooth m i r r o r ,  and t h e  r e f l e c t e d -
energy f l u x  d e n s i t y  i s  c o n c e n t r a t e d  i n  a r e l a t i v e l y  narrow i n - /* 
t e r v a l  i n  which t h e  ampl i tude  A ( O )  i s  maximum (dashed  curve  i n  
F i g .  1). 

Curve 1 ( F i g .  1) was c a l c u l a t e d  for i n s i g n i f i c a n t  s c a t t e r  
o f  t h e  a n g l e s  o f  a r r i v a l ,  i . e . ,  A 0  = 0 0 / 2 ,  and t h e  g a i n  maximum 
i s  s h i f t e d  toward lower  h e i g h t s .  A d d i t i o n a l  l o s s e s  appea r  as a 
r e s u l t  o f  smear ing .  The p f o r  two o t h e r  c a s e s  were c a l c u l a t e d  
i n  s imi l a r  f a s h i o n :  by i n t e g r a t i o n  o f  ( 7 )  i n  a p p r o p r i a t e  ang le 
o f - a r r i v a l  s c a t t e r  l i m i t s  ( c u r v e s  2 and 3 ) .  

F o r  example,  curve  3 ( F i g .  1) was p l o t t e d  for s u b s t a n t i a l  
a n g u l a r  s c a t t e r i n g ,  and shows a very  d i s t i n c t  and q u i t e  broad  
( x  = 0 . 7 - 1 . 3 )  s a t u r a t i o n  r e g i o n .  Using a rea l  a n t e n n a  h e i g h t  
4 0 %  o f f  t h e o r e t i c a l  r e s u l t s  i n  a d d i t i o n a l  power l o s s e s  (a  t o t a l  
of 1 d B ) [ 4 ] .  

Thus, t h e  cons tancy  o f  t h e  median s c a t t e r e d - s i g n a l  l e v e l  
when an tennas  suspended a t  various h e i g h t s  a re  used a t  t h e  re
c e i v i n g  end can b e  e x p l a i n e d  i n  t e r m s  o f  b l u r r i n g  of t h e  scat
t e r e d  s i g n a l ' s  a n g l e  of a r r i v a l .  
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I N P U T  OF I N F O R M A T I O N  R E C O R D E D  O N  M A G N E T I C  
T A P E  I N T O  T H E  B E S M - 3 M  C O M P U T E R  

E . L .  Afraymovich, G . M .  K u d e l i n ,  and G . M .  P e l e n i t s y n  

ABSTRACT: An i n p u t  u n i t  d e s i g n e d  and b u i l t  i n  
t h e  I o n o s p h e r e  S e c t o r  of t h e  Academy o f  S c i e n c e s  
of  t h e  Kazakh SSR f o r  t h e  BESM-3M g e n e r a l - p u r p o s e  
d i g i t a l  computer ( G P D C )  i s  d e s c r i b e d .  The i n p u t  
u n i t  u s e s  a s t a n d a r d  MEZ-28A s t u d i o  t a p e  r e c o r d e r .  
An a u t o m a t i c  d a t a - i n p u t  s u b r o u t i n e  i s  p r e s e n t e d .  

There i s  a l a r g e  c l a s s  o f  g e n e r a l - p u r p o s e  d i g i t a l  computers 
( t h e  M-20, Minsk, U r a l )  w i t h  " s t a n d a r d "  i n p u t s  (punched c a r d s  and 
punched t a p e )  t h a t  l a c k  a u x i l i a r y  u n i t s  - a n a l o g - d i g i t a l  con
v e r t e r s  - b y  means of which a c o n v e r t e d  a n a l o g  s i g n a l  might b e  
p u t  i n t o  t h e  m a c h i n e ' s  s t o r a g e .  This  p r e s e n t s  d i f f i c u l t i e s  f o r  

F i g u r e  1. Block Diagram o f  I n p u t  U n i t .  1) 
C o n v e r t e r  modlAle; 2 )  S t o r a g e  e l e m e n t ;  3 )
r e a d o u t  modale; 4) s h a p e r ;  5 )  c o u n t e r ;  6 )  
r e g i s t e r .  

r a d i o p h y s i c i s t s  s t u d y i n g  t h e  s t a t i s t i c a l  p r o p e r t i e s  o f  s i g n a l s  r e 
f l e c t e d  from t h e  i o n o s p h e r e  ( s i g n a l s  from t h e  r e c e i v e r  o u t p u t ) ,  
b i o l o g i s t s  and p h y s i c i a n s  s t u d y i n g  r e c o r d s  o f  h e a r t  sounds ( E K G ' s )  , 
g e o p h y s i c i s t s  i n v e s t i g a t i n g  t h e  l a w s  g o v e r n i n g  t h e  motions o f  t h e  
e a r t h ' s  s u r f a c e  ( s e i s m o g r a m s ) ,  e t c .  

We i n v e s t i g a t e d  w a y s  o f  i n c r e a s i n g  t h e  e f f e c t i v e  ra te  o f  
i n p u t  and i n c r e a s i n g  i t s  r e l i a b i l i t y .  A d e v i c e  deve loped  i n  t h e  
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-- 

I o n o s p h e r e  S e c t o r  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  Kazakh SSR 
makes i t  p o s s i b l e  t o  p u t  i n f o r m a t i o n  r e c o r d e d  on m a g n e t i c  t a p e  
i n t o  a t y p e  BESM-3M GPDC a t  e f f e c t i v e  r a t e s  up t o  4 0 0 0  seven-
d i g i t  b i n a r y  numbers p e r  s e c o n d  p r o v i d e d  t h a t  t h e  data  a re  pro
c e s s e d  d u r i n g  i n p u t .  A b l o c k  d iagram a p p e a r s  i n  F i g .  1. 

Without  d w e l l i n g  on  t h e  f u n c t i o n i n g  o f  t h e  module t h a t  con
v e r t s  t h e  a n a l o g  s i g n a l  i n t o  p u l s e  c o u n t s %  ( i n  o u r  c a s e ,  p u l s e -
count  modula t ion  i s  u s e d  t o  q u a n t i z e  t h e  cont , inuous random p r o c 
e s s ) ,  w e  s h a l l  d i s c u s s  t h e  o p e r a t i o n  o f  t h e  r e a d o u t  module 3 and 
t h e  s c h e m a t i c  d iagram o f  t h e  s i g n a l  s h a p e r  4 .  

READOUT U N I T  AND SHAPER 

The r e a d o u t  u n i t  i s  d e s i g n e d  around an  MEZ-28A s t a t i o n a r y  
t a p e  r e c o r d e r .  High-frequency compensat ing networks g i v e  t h e  
p l a y b a c k  channel  f r e q u e n c y  o f  Hz i n  its work

/s 


a r e s p o n s e  3 0 - 1 6 , 0 0 0  
i n g  r a n g e .  

F i g u r e  2 .  Schemat ic  Diagram of S h a p e r .
- .-. . - .

*E. L .  Afraymovich. An Automatic  M u l t i c h a n n e l  R e g i s t r a t i o n  and 
G P D C  P r o c e s s i n g  System f o r  I n v e s t i g a t i o n  o f  the  Inhomogeneous 
S t r u c t u r e  o f  t h e  I o n o s p h e r e .  “Geomagnetizm i Aeronomiya,” 1 9 6 6 ,  
6 ,  No. 4 ,  7 6 7 .  



The t a p e  r e c o r d e r  can  r e c o r d  and p l a y  t a p e s  a t  two s p e e d s :
7 6 . 2  and  3 8 . 1  cm/sec.  P u l s e  p a c k e t s  w i t h  a n  a m p l i t u d e  o f  7 V 
f rom t h e  p l a y b a c k  a m p l i f i e r  o f  t h e  r e a d o u t  module 3 go to t h e  
i n p u t  o f  t h e  t h r e e - s t a g e  a m p l i f i e r  o f  t h e  s h a p i n g  c i r c u i t  4 ( F i g .  
2 ) .  An a u t o m a t i c - b i a s  ne twork  i s  c o n n e c t e d  to t h e  c a t h o d e  o f  
t h e  f i r s t  a m p l i f i e r ,  which  i s  b u i l t  a r o u n d  t u b e  VI, to improve  
t h e  l i n e a r i t y  o f  i n p u t - s i g n a l  a m p l i f i c a t i o n .  

N e g a t i v e  b i a s  i s  a p p l i e d  to t h e  g r i d  o f  t h e  s e c o n d  s t a g e  V2 
to e l i m i n a t e  p l a y b a c k - a m p l i f i e r  n o i s e  and a m p l i f y  t h e  p o s i t i v e  
v o l t a g e  d r o p  o f  t h e  s y m m e t r i c a l  s i g n a l .  P o s i t i v e - g o i n g  p u l s e s  
from t h e  o u t p u t  of  t h e  t h i r d  s tage V 3  g o  t h r o u g h  t o g g l e  T I  to t h e  
p l a t e  o f  t h e  s l a v e - m u l t i v i b r a t o r  t u b e  v6. A f t e r  t h e  d i f f e r e n 
t i a t i n g  n e t w o r k ,  s i n c e  t h e  t r a i l i n g  edge  o f  t h e  p u l s e  i s  s l i g h t l y  
s t e e p e r  t h a n  t h e  l e a d i n g  e d g e ,  a n e g a t i v e - g o i n g  60-v p u l s e  f l i p s  
t h e  c i r c u i t  o f  v6, V 7  and  a p o s i t i v e - g o i n g  p u l s e  i s  g e n e r a t e d  on 
t h e  p l a t e  l o a d  o f  t u b e  V 7  and  goes  to t h e  i n p u t  o f  s l a v e  b l o c k i n g  
o s c i l l a t o r  Ve. N e g a t i v e - g o i n g  7-V p u l s e s  w i t h  a l e a d i n g - e d g e  
w i d t h  o f  0 . 2  u s e e  p a s s  f rom t h e  t h i r d  w i n d i n g  o f  t h e  b l o c k i n g  
t r a n s f o r m e r  t h r o u g h  a n  RK-150 c a b l e  matched  to t h e  l o a d  to t h e  
i n p u t  of t h e  e i g h t - d i g i t  b i n a r y  c o u n t e r  5 ,  which i s  b a s e d  on t h e  
BESM-3M r e a d o u t - u n i t  r e g i s t e r  6 .  

I n  t u r n ,  e a c h  d i g i t  o f  t h e  e i g h t - p l a c e  c o u n t e r  i s  d e c o u p l e d  
t h r o u g h  a s t a n d a r d  a m p l i f i e r - s h a p e r  ne twork  (UF-2) .  The m u l t i - /&
v i b r a t o r  ( V 4 ,  Vs), which o p e r a t e s  i n  t h e  s e l f - e x c i t e d  mode when 
t h e  p l a t e  v o l t a g e  i s  a p p l i e d  t h r o u g h  t o g g l e  T I ,  g e n e r a t e s  p u l s e s  
a t  a r e p e t i t i o n  r a t e  o f  2 5 0  Hz f o r  v i s u a l  m o n i t o r i n g  o f  b i n a r y -
c o u n t e r  p e r f o r m a n c e .  

INPUT A N D  CONTROL SUBROUTINE 

The i n p u t  s u b r o u t i n e  i s  b a s e d  on t h e  p r i n c i p l e  of a u t o m a t i c  
s y n c h r o n i z a t i o n  o f  G P D C  o p e r a t i o n  w i t h  t h e  p r o c e s s  r e c o r d e d  on 
t h e  magne t i c  t a p e .  The t i m e  n e c e s s a r y  f o r  s y n c h r o n i z a t i o n  i s  t h e  
s o l e  f a c t o r  d e t e r m i n i n g  t h e  e f f e c t i v e  i n p u t  s p e e d ,  p r o v i d e d  t h a t  
a l l  o f  t h e  r e m a i n i n g  t i m e  i s  used  for p r o c e s s i n g  of t h e  s i g n a l .  
Thus,  t h e  e f f i c i e n c y  w i t h  which t h e  G P D C  i s  u t i l i z e d  depends  to 
a s u b s t a n t i a l  d e g r e e  on t h e  f l e x i b i l i t y  o f  t h e  p r o c e s s i n g  program 
and on ma tch ing  o f  t h e  s p e e d  a t  which t h e  i n f o r m a t i o n  c a r r i e r  
moves to t h e  s p e e d  o f  d a t a  p r o c e s s i n g .  Thus,  f o r  example ,  t h e  
machine- t ime u t i l i z a t i o n  f a c t o r  v a r i e s  f rom 0 . 9 5  to 0 . 1  f o r  v a r 
ious t y p e s  o f  i n f o r m a t i o n  p r o c e s s i n g  i n  i o n o s p h e r i c  r e s e a r c h .  
N e v e r t h e l e s s ,  t h e  a v e r a g e  r a t e  o f  i n p u t  i n t o  t h e  G P D C  i s  an  o r d e r  
h i g h e r  t h a n  f o r  punched-ca rd  i n p u t  i n  t h e  r e d u c t i o n  o f  i o n o s p h e r i c  
i n f o r m a t i o n .  

To  c o n t r o l  t h e  p e r f o r m a n c e  o f  t h e  e n t i r e  c o u p l i n g  c h a n n e l  to 
t h e  G P D C  ( c o n v e r t e r ,  s t o r a g e ,  i n p u t  module,  i n p u t  s u b r o u t i n e ) ,  a 
s p e c i a l  t e s t  r e c o r d i n g  w a s  made i n  t h e  form of  p u l s e  p a c k e t s  w i t h  
a c o n s t a n t  number o f  p u l s e s  n = 3 2 ,  and a b l o c k  was i n c l u d e d  i n  
t h e  i n p u t  s u b r o u t i n e  f o r  c o n s t r u c t i o n  of t h e  n o n n o r m a l i z e d  



INPUT PROGRAM FOR BESM-3M GPDC 


01H 50 0 3  
1 70 0201 
1 52 
2 
4 12 020 010 
5 20 OM) 
8 20 000 
1 15 OW OW 

olio 36 0101 
1 015 
2 20 ooo 
3 42 007. 015 
4 76 011: 
5 20 000’ 
s 15 007. 007: 
7 76 011: 

0120 015t 
1 007: 
2 20 OOO. 
3 42 007: 11s‘ 
4 36 

20 OWL 
310(

5 
6 15 0071 H)7:
7 36 112: 

0130 015: 

1 20 0004 

2 42. 007‘1 1154 
3 76 1132 
4 20 000-9 
5 15 0071 1072 
6 76 )130
7 42 0072 )OX 

0140 76 )143
1 42 3152 I070 
2 41 DO76 1072 
3 55 3075 ,157
4 1165 
5 16 1160 
6 13 I151 I’CO 
7 IO72 

0150 1072 

1 16 

2 164 

3 

4 

5 

6 

7 

Ol�G 13 )I!< 0;5 
1 14 I 111  C 1 i . I  

2 13 I1Ir, 375 
3 16 14G 
4 03 l1:)Cl
5 16 123 

Print distribution 


Restore 


Wait for start of sess ion 


Wait for interval 


Scanning in interval 


Wait for end of puise packet 


testore true value 


Zonstruct distribution 


onstants 


onstruct distribution 




d i s t r i b u t i o n  W(n). The c o n t r o l  r e c o r d i n g  i s  p u t  i n  b e f o r e  each  
l a r g e - s c a l e  d a t a - p r o c e s s i n g  r u n  and t h e  d i s t r i b u t i o n  W(n). i s  
p r i n t e d  o u t .  The W(n) i s  a n a l y z e d  to e v a l u a t e  i s o l a t e d  m i s f i r e s  
i n  t h e  s y s t e m  and t h e i r  number, as w e l l  as t h e  per formance  o f  
t h e  s i g n a l - c o d i n g  and - r e c o r d i n g  d e v i c e s .  

The s u b r o u t i n e  i n c o r p o r a t e s  a b l o c k  t h a t  d e t e r m i n e s  t h e  end 
o f  t h e  r e c o r d i n g  s e s s i o n  ( s e s s i o n s  a re  s e p a r a t e d  from one a n o t h e r  
by an i n t e r v a l  o f  2-5 s e c )  and t r a n s f e r s  c o n t r o l  to t h e  W(n) 
d i s t r i b u t i o n  p r i n t o u t  or n o r m a l i z a t i o n  b l o c k ,  a f t e r  which t h e  
program i s  a u t o m a t i c a l l y  r e s t o r e d  p e n d i n g  t h e  s t a r t  o f  t h e  n e x t  
s e s s i o n .  Thus, t h e  e n t i r e  c a s s e t t e  i s  p r o c e s s e d  a u t o m a t i c a l l y  
w i t h o u t  s t o p p i n g  t h e  t a p e  (one  c a s s e t t e  h a s  a c a p a c i t y  of  % l o 5  
numbers ) . 

A s y s t e m  f o r  i n p u t  and p r o c e s s i n g  o f  d a t a  w i t h  a magnet ic -
t a p e  s t o r a g e  a n d  t h e  BESM-3M GPDC o f  t h e  Computer Technique De
par tment  o f  t h e  I n s t i t u t e  o f  Mathematics  and Mechanics,  Academy 
of S c i e n c e s ,  Kazakh SSR h a s  been  p l a c e d  i n  o p e r a t i o n .  S i g n a l s  
w i t h  sampl ing  f r e q u e n c i e s  up to 100-200 Hz can b e  p r o c e s s e d  w i t h  
i t .  
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C O S M I C - R A Y  V A R I A T I O N S  D U R I N G  " P C A ' I - T Y P E  A B S O R P T I O N  

I . D .  Kozin 

ABSTRACT: It i s  shown on t h e  b a s i s  of  d a t a  on 
t h e  v a r i a t i o n s  o f  t h e  cosmic-ray n e u t r o n  compo
n e n t ,  i o n o s p h e r i c  s o u n d i n g s ,  and measurements o f  
cosmic r a d i o - e m i s s i o n  a b s o r p t i o n  at "Vostok"  s ta 
t i o n  ( A n c a r c t i c a )  t h a t  t h e  i o n i z a t i o n  o f  t h e  lower  
i o n o s p h e r e  i n c r e a s e s  d u r i n g  t i m e s  o f  low i n t e n 
s i t y  o f  Forbush- type  cosmic r a y s .  T h i s  i s  mani
f e s t e d  i n  i n c r e a s e d  a b s o r p t i o n  and t h e  a p p e a r a n c e  
o f  s t r o n g  s p o r a d i c  l a y e r s  i n  t h e  E - r e g i o n .  

Geophys ica l  o b s e r v a t i o n a l  m a t e r i a l  o b t a i n e d  w i t h  an  AIS 
i o n o s p h e r i c  s o u n d e r ,  an  MVS-13 magnet ic  v a r i a t i o n  s t a t i o n ,  a 
r i o m e t e r ,  and a n e u t r o n  m o n i t o r  a r e  used  i n  t h e  p r e s e n t  p a p e r .  

Data o b t a i n e d  a t  t h e  geomagnet ic  p o l e  on t h e  v a r i a t i o n s  o f  
t h e  cosmic r a d i a t i o n  a r e  o f  d e f i n i t e  i n t e r e s t  f o r  a n a l y s i s  of 
t h e  v a r i a t i o n s  o f  s o l a r  cosmic r a y s  d u r i n g  r i s i n g  s o l a r  a c t i v i t y  
and  t h e i r  i n f l u e n c e  on t h e  s t a t e  of  t h e  i o n o s p h e r e .  

The i n f l u e n c e  o f  cosmic r a d i a t i o n  on t h e  i o n i z a t i o n  of t h e  
l o w e r  atmosphere h a s  a l r e a d y  been n o t e d  i n  t h e  l i t e r a t u r e  [l]. 
Moler [ 2 ]  and N i c o l e t  [ 3 ]  were t h e  f i r s t  to advance t h e  i d e a  o f  
f o r m a t i o n  of  a C - l a y e r  as an e f f e c t  o f  cosmic r a y s ;  e x p e r i m e n t a l  
c o n f i r m a t i o n  was o b t a i n e d  i n  t h e  s t u d i e s  o f  P . Y e .  Krashnushkin  
[4]. E v i d e n t l y ,  a mass ive  i n f l u x  o f  low-energy p a r t i c l e s  to t h e  
geomagnet ic  p o l e  h a s  a s u b s t a n t i a l  i o n i z i n g  e f f e c t  i n  t h e  lower 
i o n o s p h e r e .  

We s h a l l  examine t h e  v a r i a t i o n s  of  t h e  cosmic r a d i a t i o n  dur
i n g  d i s t u r b e d  s t a t e s  o f  t h e  e a r t h ' s  magnet ic  f i e l d  and t h e i r  i n 
f l u e n c e  on t h e  i o n o s p h e r e  ( 2 9  August-7 September 1 9 6 6 ) .  This  
p e r i o d  i s  c h a r a c t e r i z e d  b y  p o w e r f u l  chromospher ic  f l a r e s  occupy
i n g  l a r g e  a r e a s  on t h e  s u n .  They were l o n g - l i v e d ,  w i t h  t h e  
s t r e n g t h s  a t t a i n e d  r a n g i n g  f rom 2 f  to 3 b .  The maximum of  t h e  
c h r o m o s p h e r i c - f l a r e  d i s t u r b a n c e  f e l l  on 2 September  1 9 6 6 ,  when 
a p r o t o n  f l a r e  on t h e  s u n  was a l s o  r e p o r t e d .  

An e x t r e m e l y  s t r o n g  magnet ic  s t o r m  w i t h  sudden o n s e t  was ob
s e r v e d  a t  "Vostok" s t a t i o n  a t  20  h o u r s  GMT on 2 9  August ;  i t  ended 
a t  1 6  h o u r s  30 minutes  GMT on 4 September .  T h i s  s t o r m  had two 
a c t i v e  p e r i o d s :  30 August and 3-4 September .  "PCA" a b s o r p t i o n  
was observed  on t h e  p o l a r  cap .  The f o l l o w i n g  a t t e n d a n t  phenomena 
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TABLE 1 

I A b s o r p t i o n ,  dB 
Date 20 MHz 30 MHz 
30 August -9.2 -4.6 
3 1  August  -1.9 
2 Sep tember  - 7 . 8  -3 .5  
3 Sep tember  -30 -10.5 
4 Sep tember  -9.7 -4.5 

were o b s e r v e d  d u r i n g  t h i s  p e r i o d :  n o n p r o p a g a t i o n  o f  r a d i o  waves 
on t h e  "Vostok-Mirnyy" l i n k ,  which  i s  1400 km l o n g ;  an i n c r e a s e  /83
i n  t h e  a b s o r p t i o n  o f  cosmic  r a d i o  n o i s e .  T a b l e  1 g i v e s  t h e  
maximum a b s o r p t i o n  v a l u e s  f o r  t h e  d i s t u r b e d  days  as measured  
w i t h  an  American-made r i o m e t e r  by t h e  g e o p h y s i c i s t  John  H .  T a y l o r  
a . t  f r e q u e n c i e s  o f  20  and 30 MHz. 

The f i g u r e  shows t h e  v a r i a t i o n s  of t h e  e a r t h ' s  m a g n e t i c  
f i e l d  a c c o r d i n g  to t h e  MVS-13 a t  "Vostok" s t a t i o n  ( f i e l d - s t r e n g t h
v a l u e s  f o r  t h e  H-component),  t h e  v a r i a t i o n s  o f  t h e  c o s m i c - r a d i a 
t i o n  n e u t r o n  component at "Vostok" and  " A l m a - A t a "  s t a t i o n s  , s o l a r  
d a t a  [4], and f - d i a g r a m s  b a s e d  on t h e  r e s u l t s  o f  i o n o s p h e r i c  
s o u n d i n g s  a t  "Vostok" s t a t i o n .  At t h e  o n s e t  o f  t h e  m a g n e t i c  
s t o r m ,  t h e  i n t e n s i t y  o f  t h e  c o s m i c - r a d i a t i o n  n e u t r o n  component 
dropped  a b r u p t l y ,  r e a c h i n g  1 1 . 7 %  d u r i n g  t h e  n e x t  43  h o u r s .  Then,  
w i t h  r e l a t i v e l y  m i l d  g e o m a g n e t i c - f i e l d  d i s t u r b a n c e  , t h e  i n t e n 
s i t y  r e c o v e r e d  o v e r  a 54-hour  p e r i o d .  The s e c o n d  p h a s e  of  t h e  
m a g n e t i c  s t o r m  began  a t  17 h o u r s  on 2 Sep tember ,  and t h e  cosmic  
r a d i a t i o n  showed a new d r o p  i n  i n t e n s i t y ,  l a s t i n g  7 h o u r s  and  
f o l l o w e d  by a t e n - h o u r  r e c o v e r i n g  t r e n d .  The s i m i l a r  f l u c t u a 
t i o n s  o f  t h e  c o s m i c - r a d i a t i o n  n e u t r o n  component i n t e n s i t y  t h a t  
f o l l o w e d  a r e  n o n s t a t i s t i c a l ;  t h e y  r e s u l t  from t h e  d i s t u r b e d  s t a t e  
of  t h e  magne tosphe re  a n d  new c o r p u s c u l a r  s t reams.  

I t  i s  known t h a t  t h e  s u n  i s  t h e  b a s i c  s o u r c e  o f  t h e  s o f t  
cosmic- ray  component .  The i n f l u e n c e  o f  cosmic  r a y s  and t h e  mag
n e t i c  f i e l d  on t h e  r e f l e c t i v e  s t a t e  o f  t h e  i o n o s p h e r e  i s  marked 
( F i g .  1 ) .  The f - d i a g r a m  was compi led  from t h e  hour-by-hour  v a l u e s  
o f  t h e  fmin and  fo o f  t h e  F - l a y e r  and t h e  E - r e g i o n  and  t h e  f r e 

q u e n c i e s  o f  a p p e a r a n c e  o f  s p o r a d i c  E - r e g i o n  f o r m a t i o n s  o f  v a r i o u s  
t y p e s :  e ,  1, h ,  r .  G e n e r a l l y ,  s h a r p  d r o p s  i n  c o s m i c - r a d i a t i o n  
i n t e n s i t y ,  l i k e  t h e  d e c r e a s e s  i n  t h e  H-component s t r e n g t h  o f  t h e  
e a r t h ' s  m a g n e t i c  f i e l d ,  f i r s t  c a u s e  an i n c r e a s e  i n  fmin and ab

s o r p t i o n  as i n d i c a t e d  by t h e  r i o m e t e r  r e a d i n g s ,  and t h e n  c o m p l e t e  
d i s a p p e a r a n c e  o f  r e f l e c t i o n  i n  t h e  1-20-MHz r a n g e  - t o t a l  a b s o r p 
t i o n .  The r e c o v e r y  o f  c o s m i c - r a d i a t i o n  i n t e n s i t y  a l s o  c o r r e s p o n d s  
to t h e  r e a p p e a r a n c e  o f  r e f l e c t i o n  ( l a t e  on  3 Sep tember  and  on 4 
S e p t e m b e r ) .  
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V o s t o k  

MVostok  

F i g u r e  1. 
1) H o r i z o n t a l  component of t h e  e a r t h ' s  magnet ic  f i e l d ;  2 )  v a r i a 
t i o n s  of c o s m i c - r a d i a t i o n  n e u t r o n  component a c c o r d i n g  t o  "Vostok" 
d a t a ;  3 )  r e l a t i v e  sunspo t  numbers (Wolf numbers W ) ;  4) v a r i a t i o n s  
of c o s m i c - r a d i a t i o n  n e u t r o n  component a c c o r d i n g  t o  " A l m a - A t a "  s t a 
t i o n ;  5 )  v a r i a t i o n  of  c r i t i c a l  f r e q u e n c i e s  o f  i o n o s p h e r i c  F2- l aye r  
a c c o r d i n g  t o  "Vos tok" - s t a t ion  da ta .  
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E a r l y  on 6 September ,  t h e  c o s m i c - r a d i a t i o n  i n t e n s i t y  began 
t o  r e c o v e r ,  and  t h e  normal  d i u r n a l  v a r i a t i o n  o f  t h e  v e r t i c a l - /*
s o u n d i n g  c r i t i c a l  f r e q u e n c i e s  a p p e a r e d .  Cases i n  which l a r g e  
chromospher ic  f l a r e s  on t h e  s u n  ( 2 f  and a b o v e )  were accompanied 
by i o n o s p h e r i c  d i s t u r b a n c e s  m a n i f e s t e d  i n  i n c r e a s e d  e l e c t r o n  
c o n c e n t r a t l o n  i n  t h e  D-region ( h e i g h t  50-70 km) by 500-1000 
e l e c t r o n s / c m 3  have a l r e a d y  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  [l,
51. 	 It i s  t h i s  i n c r e a s e  i n  D-layer  e l e c t r o n  d e n s i t y  t h a t  i n 
c r e a s e s  t h e  n o n d e v i a t i v e  a b s o r p t i o n  o f  r a d i o  waves t h a t  i s  d i s 
p l a y e d  on t h e  s c r e e n s  o f  panoramic i o n o s p h e r i c  s t a t i o n s  as an  
i n c r e a s e  i n  fmin a n d ,  e v e n t u a l l y ,  as t o t a l  a b s o r p t i o n .  It w a s  
p r e c i s e l y  t h i s  p a t t e r n  t h a t  w a s  o b s e r v e d  i n  t h e  i o n o s p h e r e  above 
t h e  geomagnet ic  p o l e  d u r i n g  t h e  magnet ic  s t o r m  of  29 August-7 
September ,  which w a s  c a u s e d  by chromospher ic  f l a r e s  on t h e  s u n .  

The a b s o r p t i o n  i n c r e a s e s  i n  t h e  i o n o s p h e r e  w e r e  d e t e c t e d  by 
t h e  r i o m e t e r s  and t h e  A I S ,  and t h e  a b r u p t  a p p e a r a n c e  o f  s t r o n g  
s p o r a d i c  l a y e r s  a f t e r  t o t a l  a b s o r p t i o n  p e r m i t t e d  t h e  assumpt ion  
t h a t  t h e  i o n i z a t i o n  t o o k  p l a c e  f o r  t h e  most p a r t  i n  t h e  lower  
i o n o s p h e r e ;  v e r t i c a l  d r i f t i n g  from t h e  D-region to t h e  E-region 
was a l s o  p o s s i b l e .  

Thus,  i o n i z a t i o n  o c c u r s  i n  t h e  lower  i o n o s p h e r e ,  i n  t h e  D
r e g i o n s ,  as can be s e e n  from t h e  i n c r e a s e  i n  a b s o r p t i o n  ( s e e  T a b l e  
1) f o r  t h e  low-energy c o s m i c - r a d i a t i o n  component; s t r o n g  r e f l e c 
t i o n s  from s p o r a . d i c  f o r m a t i o n s  i n  t h e  E-reg ion  make t h e i r  a p p e a r 
ance ( s e e  F i g .  1) .  
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N E U T R O N  C O M P O N E N T  R E C O R D E R S  
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ABSTRACT: The p a p e r  examines a method f o r  c a l 
c u l a t i n g  t h e  e r r o r  o f  e x p e r i m e n t a l  data  from a 
s t a n d a r d  n e u t r o n  m o n i t o r  w i t h  c o n s i d e r a t i o n  o f  
t h e  m u l t i p l i c i t y  o f  n e u t r o n  g e n e r a t i o n .  I t  i s  
shown t h a t  u s e  o f  t h e  P o i s s o n  d i s t r i b u t i o n  to 
e s t i m a t e  t h e  r e a l  s t a t i s t i c a l  e r r o r  i s  i n a d e 
q u a t e .  The method proposed  i s  o f  i n t e r e s t  f o r  
a n a l y s i s  o f  low-ampli tude p e r i o d i c i t i e s  i n  t h e  
cosmic-ray v a r i a t i o n s .  

Accuracy of  t h e  e x p e r i m e n t a l  data  o b t a i n e d  - t h e  b a s i c  r e 
qui rement  made o f  equipment to r e g i s t e r  t h e  i n t e n s i t y  o f  cosmic 
r a d i a t i o n  - depends on a whole s e r i e s  o f  f a c t o r s ,  i n c l u d i n g  t h e  
e f f e c t i v e  a r e a  o f  t h e  d e t e c t o r s  used to r e g i s t e r  t h e  v a r i o u s  
c o s m i c - r a d i a t i o n  components.  An i n c r e a s e  i n  e f f e c t i v e  r e g i s t r a 
t i o n  a r e a  t e n d s  to improve s t a t i s t i c a l  a c c u r a c y .  However, t h e  
a c c u r a c y  improvement o b t a i n e d  i n  t h e  e x p e r i m e n t a l  d a t a  i s  u s u a l l y
s m a l l e r  t h a n  e x p e c t e d  [l, 21, s i n c e  t h e  o p e r a t i n g  c o n d i t i o n s  o f  
t h e  r e g i s t e r i n g  i n s t r u m e n t s  and o t h e r  f a c t o r s  l e a d  to d e p a r t u r e s
from t h e  o r i g i n a l  t h e o r e t i c a l  models on which t h e  a c c u r a c y  c a l c u 
l a t i o n  w a s  based. T h i s  c a l c u l a t i o n  i s  made on t h e  assumpt ion  
t h a t  p a r t i c l e s  s t r i k i n g  t h e  i n s t r u m e n t  are  s t a t i s t i c a l l y  indepen
d e n t  and t h a t  t h e i r  d i s t r i b u t i o n  i s  s u b j e c t ,  f o r  small  a v e r a g e
c o u n t i n g  r a t e s  N ( p 1 s . )  > 1, to P o i s s o n ' s  l a w ,  which i s  c l o s e l y  
d e s c r i b e d  b y  a normal d i s t r i b u t i o n  w i t h  i n c r e a s i n g  a v e r a g e  count 
i n g  r a t e  N ( p 1 s . )  >>  1. Thus,  f o r  example,  t h e  c o n d i t i o n  o f  p a r 
t i c l e  s t a t i s t i c a l  independence  may be v i o l a t e d  t w i c e  i n  one o f  
t h e  most common i n s t r u m e n t s  f o r  r e g i s t r a t i o n  of  cosmic r a y s  - t h e  
n e u t r o n  m o n i t o r ,  which u s e s  t h e  p r i n c i p l e  o f  l o c a l  n e u t r o n  gene
r a t i o n .  F i r s t l y ,  n e u t r o n s  g e n e r a t e d  i n  t h e  atmosphere may have 
a weak g e n e t i c  r e l a t i o n s h i p  to one a n o t h e r ,  a n d ,  s e c o n d l y ,  t h e  
r e l a t i o n  becomes q u i t e  s t r o n g  w i t h i n  t h e  m o n i t o r  i t s e l f .  

A s  w e  know, t h e  s t a n d a r d  n e u t r o n  m o n i t o r  d e s c r i b e d  i n  [ 3 ,  41, 
which i s  used by a number o f  i n t e r n a t i o n a l - n e t w o r k  s t a t i o n s  as a n  
i n t e n s i t y  d e t e c t o r  f o r  t h e  n e u t r o n  component o f  t h e  cosmic r a y s  , 
i n c o r p o r a t e s  p r o p o r t i o n a l  c o u n t e r s  f i l l e d  w i t h  b o r o n  t r i f l u o r i d e  
BF3 f o r  d e t e c t i o n  of t he rma l  n e u t r o n s .  Neutrons formed i n  l e a d  /* 
on i n t e r a c t i o n  w i t h  cosmic r a y s  a r e  moderated i n  p a r a f f i n .  
S e v e r a l  n e u t r o n s  may b e  formed i n  t h e  l e a d  from a s i n g l e  n e u t r o n ,  
and  on modera t ion  t h e y  w i l l  be  r e g i s t e r e d  w i t h  a c e r t a i n  e f f i c i e n c y  
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b y  t h e  p r o p o r t i o n a l  c o u n t e r s  ( F i g .  
1 ) .  If each  cosmic-ray n e u t r o n  
were r e g i s t e r e d  once  b y  t h e  m o n i t o r ,  
t h e  r e l a t i v e  s t a t i s t i c a l  e r r o r  of 
t h e  i n t e n s i t y  r e g i s t r a t i o n  p e r  u n i t  
t i m e  would b e  

where N i s  t h e  number of p u l s e s
r e g i s t e r e d  by t h e  m o n i t o r  d u r i n g  
t h i s  same u n i t  t i m e .  On t h e  o t h e r  F i g u r e  1. Diagram o f  
hand,  i f  each  n e u t r o n  s t r i k i n g  t h e  Local  Neutron Genera-
m o n i t o r  i s  r e g i s t e r e d  by an  a v e r a g e  t i o n .  S e c t i o n  t h r o u g h  
of k p u l s e s  ( k  > 1) and N i s  t h e  s t a n d a r d  IGY, I G C ,  or 
a v e r a g e  number cf p u l s e s  p e r  u n i t  IQSY n e u t r o n  m o n i t o r .  
t i m e ,  w e  have i n  t h e  Tenera1  c a s e  1) P a r a f f i n  s c r e e n ;  2) 

l e a d ;  3 )  B1’F3proport ion
a1 c o u n t e r s ;  4 )  p a r a f f i n .  

G e n e r a l l y  s p e a k i n g ,  t h e r e f o r e ,  of’ i s  n o t  d e t e r m i n e d  by For
mula (1);Formula ( 2 )  must be used f o r  t h e  c a l c u l a t i o n .  However, 
t h e  v a l u e  o f  -k i s  u s u a l l y  unknown. F o r  t h i s  r e a s o n ,  we f i n d  /87 
of’ from t h e  r e a d i n g s  o f  two independent  s e c t i o n s  A and B. If 
t h e  a v e r a g e  c o u n t i n g  r a t e s  for t h e  s e c t i o n s  a re  a p p r o x i m a t e l y
e q u a l ,  

t h e n  a c c o r d i n g  to C51 

Here I(A) and I(B) are  t h e  i n t e n s i t i e s  o f  t h e  n e u t r o n  component
a c c o r d i n g  to s e c t i o n s  A and B a t  c o r r e s p o n d i n g  p o i n t s  i n  t i m e  and  
n- i s  t h e  number of c o u n t s  o v e r  t h e  i n t e r v a l  o f  a n a l y s i s .  It 
s h o u l d  b e  n o t e d  tha t  t h e  denominator  i n  t h e  r a d i c a n d  of Formula 
(4) must b e  r e d u c e d  b y  one f o r  s m a l l  c o u n t s  ( n  -< 100) to r e d u c e  
t h e  s y s t e m a t i c  e r r o r  t h a t  a r i s e s .  

Comparing ( 3 )  and (21, w e  f i n d  t h a t  
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F i g u r e  2 .  Dai ly  Average Neu
t r o n  Counting Rate as a 
F u n c t i o n  o f  T ime  for Febru
a r y  1964 (Chicago)  According 
t o  S e c t i o n s  A and B.  The 
s t r a i g h t  l i n e  i s  t h e  a v e r 
age  coun t ing  r a t e  f o r  t h e  
month. Values o f  t h e  e r r o r  
of t h e  d a i l y  average  i n 
t e n s i t y  v a l u e s  a re  p l o t t e d
f o r  t h e  s e c t i o n s  a g a i n s t  t h e  
a x i s  o f  a b s c i s s a s .  

( 4 )  was 1.2%; t h e r e f o r e ,  

We ana lyzed  hour-by-hour 
d a t a  f o r  t h e  Chicago s t a t i o n  
(February  1 9 6 4 )  , which were 
c o r r e c t e d  f o r  t h e  cosmic-ray
b a r o m e t r i c  e f f e c t .  S i n c e  Rela
t i o n  ( 5 )  i s  v a l i d  o n l y  i f  Con
d i t i o n  ( 3 )  i s  s a t i s f i e d ,  s e c 
t i o n s  A and B were checked f o r  
e q u a l i t y  o f  c o u n t i n g  r a t e s .  The 
computed ave rage  c o u n t i n g  r a t e s  
o v e r  t h e  i n t e r v a l  of  a n a l y s i s
( F i g .  2 )  s a t i s f y  Cond i t ion  ( 3 1 ,
s i n c e  t h e  ave rage  c o u n t i n g  r a t e  
ove r  a day remained w i t h i n  t h e  
l i m i t s  o f  e r r o r  o f  t h e  d a i l y  
ave rage  v a l u e s  th roughou t  t h e  
month. 

The v a r i a n c e  o f  t h e  r ead - /88
i n g s  f rom t h e  two s e c t i o n s  
U 2I(A>-I(B) c a l c u l a t e d  by E q .  

T h i s  r e s u l t  s i g n i f i e s  t h a t  on t h e  ave rage  o v e r  t h e  t ime i n 
t e rva l  c o n s i d e r e d ,  a s i n g l e  cosmic n e u t r o n  was r e g i s t e r e d  w i t h  

an e f f i c i e n c y  o f  1 . 2 .  Consequent ly ,  0'' w i l l  be  more a c c u r a t e l y  
e s t i m a t e d  as 

T h i s  c a l c u l a t e d  e s t i m a t e  exceeds  t h e  t h e o r e t i c a l  e s t i m a t e  ob
t a i n e d  from t h e  P o i s s o n  d i s t r i b u t i o n :  

The c a l c u l a t i o n  conf i rms  t h e  c o n c l u s i o n s  drawn i n  [l, 2 ,  6 3  
by a n o t h e r  method. 
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The method examined h e r e  for c a l c u l a t i n g  t h e  r e a l  s t a t i s t i 
c a l  e r r o r  of  t h e  e x p e r i m e n t a l  d a t a  makes p o s s i b l e  q u i t e  r e l i a b l e  
e s t i m a t i o n  of t h e  n o i s e  l e v e l  of t h e  i n s t r u m e n t  r e g i s t e r i n g  t h e  
cosmic r a y s  for a g i v e n  a v e r a g i n g  i n t e r v a l .  T h i s  p e r m i t s  q u i c k  
r e s o l u t i o n  of t h e  q u e s t i o n  as to w h e t h e r  t h e  da ta  for a g i v e n  
t i m e  i n t e r v a l  a r e  s u i t a b l e  for a n a l y s i s  o f  low-amplitude cosmic-
r a y  v a r i  a t  ions . 
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E S T I M A T E S  OF T H E  E L E C T R I C  F I E L D S  I N  T H E  
L O W E R  I O N O S P H E R E  A B O V E  T H E  M A G N E T I C  E Q U A T O R  

V.N.  Pogrebnoy and M.N. F a t k u l l i n  

ABSTRACT: The e l e c t r i c  f i e l d s  at t h e  s o l a r -
a c t i v i t y  minimum on t h e  magnetic e q u a t o r  are 
e v a l u a t e d  on t h e  b a s i s  of data from r o c k e t  
s t u d i e s  o f  t h e  v e r t i c a l  p r o f i l e s  o f  the iono
s p h e r i c - c u r r e n t  magnetic f i e l d s  and e l e c t r o n  
concen t r a t ion .  The e l e c t r i c  f i e l d  s t r e n g t h  
i s  1 -4  l o 2  CGSM u n i t s .  I n  a d d i t i o n ,  the 
e l e c t r i c  f i e l d  has a l t i t u d e  and t i m e  d i s t r i b u 
t i o n s .  Its maximum i s  observed a t  a height o f  
110  k m ,  and a t  90 and 1 4 0  k m  ft i s  s m a l l e r  by 
a f a c t o r  o f  3-4 t h a n  a t  t h e  IlQ-km helght .  The 
maximum va lues  ape r e g i s t e r e d  mound noon. 

I n v e s t i g a t i o n  o f  e l e c t r i c  f i e l d s  i n  t h e  ionosphere  i s  neces
s a r y  f o r  s t u d y  of t h e  f e a t u r e s  o f  t h e  ionosphere  i t s e l f  and t h e  

TABLE 1 
~ 

Geographic 
time II coordinates SourceFlight: 

U N H  65-4 

U N H  65-5 

FL-14.171 

FL-14.176 

FL-14,174 

FL-14.173 

FL-14.175 

FL-14.70 

PRL-20.05 

Date 

12.111.65 


12.111.65 


16.111.65 


18.111.65 


24.13 I.65 


26.111.65 


27.111.65 


29.III.@5 

7.VIIT.G 

A 

_____  

d 30m 

If 30 

11 15 

11 01 

11 24 

10 41 

11 08 

13 47 

13 45 

11023’ s 
1125 s 
12 47 s 
12 47 s 
11 44 s 
10 12 s 
14 12 S 

12 05 S 

831 N 


81025” 

81 20 E7 

7893 m 
m o a  17 
78 36 W

79 30 Itr 

77 57 It’ 

78 14 W 

76 52 E 

o r i g i n  o f  t h e  geomagnet ic-f ie ld  v a r i a t i o n s .  U n t i l  d i r e c t  measure
ment methods were developed,  i onosphe r i c  e l e c t r i c  f i e l d s  were 
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e v a l u a t e d  f rom ground geomagnet ic  o b s e r v a t i o n s  w i t h i n  t h e  frame
work o f  t h e  dynamo t h e o r y .  T h e  i n v e s t i g a t o r s  would s t a t e  supp le 
mentary hypo theses  as to c u r r e n t - l o c a l i z a t i o n  r e g i o n s ,  i onosphe r 
i c  e l e c t r i c a l  c o n d u c t i v i t y ,  e t c .  With t h e  development o f  r o c k e t  
and s a t e l l i t e  r e s e a r c h  methods f o r  t h e  upper  l a y e r s  of  t h e  atmos
p h e r e ,  i t  became p o s s i b l e  i n  p r i n c i p l e  to measure t h e  i o n o s p h e r i c
e l e c t r i c  f i e l d s  d i r e c t l y ,  and a t t e m p t s  to do s o  have been  r e p o r t e d
i n  t h e  l i t e r a t u r e  [l-51. On t h e  o t h e r  hand,  a whole s e r i e s  o f  
r o c k e t  expe r imen t s  was per formed d u r i n g  the  IGY and I Q S Y  t o  s t u d y  /90
i o n o s p h e r i c  c u r r e n t s ,  and t h e  r e s u l t s ,  t o g e t h e r  w i t h  a v a i l a b l e  
i n f o r m a t i o n  on o t h e r  p a r a m e t e r s  o f  t h e  i o n o s p h e r e ,  e n a b l e  us  to 
estimate t h e  e l e c t r i c  f i e l d  i n  t h e  ionosphe re  w i t h  g r e a t e r  c o n f i 
dence t h a n  had  p r e v i o u s l y  been p o s s i b l e .  Below w e  p r e s e n t  t h e  
r e s u l t s  o f  estimates o f  t h e  e l e c t r i c  f i e l d s  i n  t h e  lower  iono
s p h e r e  o v e r  t h e  magnet ic  e q u a t o r  a c c o r d i n g  to r o c k e t  data on t h e  
v e r t i c a l  i o n o s p h e r i c - c u r r e n t  m a g n e t i c - f i e l d  p r o f i l e  under  mag
n e t i c a l l y  q u i e t  c o n d i t i o n s .  

Reference  [6 ]  p r e s e n t s  a d e t a i l e d  
a n a l y s i s  o f  r e s u l t s  f rom r o c k e t  s t u d i e s  
o f  c u r r e n t s  i n  t h e  ionosphe re  i n  m i d d l e  
and low l a t i t u d e s .  The t a b l e  g i v e s  ce r 
t a i n  i n f o r m a t i o n  on s p e c i f i c  r o c k e t  
l aunch ings  n e a r  t h e  magnet ic  e q u a t o r  
(I  Q 0 )  d u r i n g  t h e  morning and midday
hours  a t  a s o l a r  a c t i v i t y  minimum.* 

F i g u r e  1 g i v e s  a f e w  examples of 
t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  east- 0 4 8 jy,A.km-’ 

ward-cur ren t  d e n s i t y  i n  t h e  ionosphe re  
o v e r  t h e  magnet ic  e q u a t o r .  F i g u r e  1. V e r t i c a l  

D i s t r i b u t i o n  o f  Cur-
I n  t h e  e l e c t r i c - f i e l d  e s t i m a t e s  , w e  r e n t  Dens i ty  i n  t h e  

began from t h e  f o l l o w i n g  concep t ions .  Ionosphe re  Above t h e  
S i n c e  v e r t i c a l  c u r r e n t s  a r e  f o r b i d d e n ,  Magnet ic  Equator  Ac-
O h m ’ s  l a w  f o r  an a n i s o t r o p i c  medium c o r d i n g  to Rocket 

Data. 1, 2 ,  3) Data 
from f l i g h t s  FL
14.174, FL-14.173,

and FL-14.70, re 
s p e c t i v e l y ;  jY ) e a s t -

i n  a c o o r d i n a t e  sys t em w i t h  t h e  x-ax is  ward  component ofp o i n t e d  toward magnet ic  s o u t h ,  t h e  y- c u r r e n t  d e n s i t y ;  h )a x i s  eastward, and t h e  z -ax i s  v e r t i c a l l y  h e i g h t .upward, t a k e s  t h e  form [lo]: 

*The r e s t r i c t i o n  to these  l aunch ings  takes cognizance  o f  t h e  f a c t  
t ha t  e l e c t r o n  c o n c e n t r a t i o n  was de termined  i n  a d d i t i o n  t o  t h e  
c u r r e n t - m a g n e t i c - f i e l d  measurements.  
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where 

511, a+, GH a r e  t h e  l o n g i t u d i n a l ,  t r a n s v e r s e ,  and H a l l  components of  
c o n d u c t i v i t y ,  I i s  t h e  m a g n e t i c  i n c l i n a t i o n ,  and B i s  t h e  s t r e n g t h
of  t h e  geomagnet ic  f i e l d .  For small  magnet ic  i n c l i n a t i o n s  (I  z O ) ,  

an d 

Around noon 
a b s e n t  or are a t  

The v e r t i c a l  
d i s t r i b u t i o n s  o f  

i, =G , ~ E ~ .  (4) 

a t  t h e  magnet ic  e q u a t o r ,  m e r i d i o n a l  c u r r e n t s  are 
l ea s t  much smaller t h a n  j 

Y
. 

d i s t r i b u t i o n  E
Y 
(h) was computed from ( 4 ) .  The 

7 c. SIT, where G ,=n ~ ",01- TLC'L, CH= ~ Z ' H ,  5?.?= n Z ' y v_.  

/ I 

11, 9 H, .w t h e  c o r r e s p o n d i n g  c o n d u c t i v i t i e s  p e r  e l e c t r o n - i o n  
p a i r ,  n ,  t h e  e l e c t r o n  c o n c e n t r a t i o n ,  and <'<., "i and (i)jl,, " i  t h e  c o l 
l i s i o n  f r e q u e n c i e s  and g y r o f r e q u e n c i e s  of t h e  e l e c t r o n s  and i o n s ,  
r e s p e c t i v e l y ,  were c a l c u l a t e d  s e p a r a t e l y  for e a c h  f l i g h t .  The 
f o l l o w i n g  i o n o s p h e r i c  and a t m o s p h e r i c  v a r i a b l e s  were assumed for 
t h e  c a l c u l a t i o n s .  
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1. F o r  f l i g h t s  UNH 65-4, 65-5, and PRL-20.05, t h e  e l e c t r o n -
c o n c e n t r a t i o n  p r o f i l e s  n ( h )  were d e t e r m i n e d  e x p e r i m e n t a l l y  by 
means of  Langmuir p r o b e s  mounted on t h e  r o c k e t s .  The t r a c e s  o f  /&
t h e  Langmuir c u r r e n t s ,  whose i n t e n s i t y  i s  p r o p o r t i o n a l  t o  e l e c 
t r o n  c o n c e n t r a t i o n ,  were i n t e r p r e t e d  by comparing them w i t h  t h e  
c r , i t i c a l  f requency  o f  t h e  E - l a y e r  as o b t a i n e d  from v e r t i c a l -
s o u n d i n g  d a t a  o b t a i n e d  a t  t h e  t i m e  o f  t h e  l a u n c h .  F o r  t h e  o t h e r  
f l i g h t s ,  t h e  e l e c t r o n  c o n c e n t r a t i o n  was d e t e r m i n e d  w i t h  a s t a n 
d a r d  n ( h )  p r o f i l e  ( F i g .  2 a ) .  

h.km 


O' O5 "17,(ngnmorw tu4. 10" n cm-3 

F i g u r e  2 .  E l e c t r o n  C o n c e n t r a t i o n  as a 
F u n c t i o n  o f  H e i g h t .  a )  S t a n d a r d  p r o f i l e ;  
b )  r o c k e t  d a t a .  1) F l i g h t  UNH 65-4;  2 ,  3 ,
4 )  f l i g h t s  UNH 65-3,  UNH 65-2 ,  and UNH 
65-3,  r e s p e c t i v e l y ;  n ( h i )  and nmax are 
t h e  e l e c t r o n  c o n c e n t r a t i o n s  a t  f i x e d  
h e i g h t  and a t  a maximum o f  t h e  E - l a y e r ,  
r e s p e c t i v e l y ,  i n  ~ m - ~ ;  i s  h e i g h t .g 

A c o n s i d e r a b l e  number of l a u n c h i n g s  near  t h e  magnet ic  equa
tor w i t h  Langmuir p r o b e s  a b o a r d ,  namely UNH 6 4 - 1 ,  6 4 - 2 ,  64-3 [ll]: 
UNH 65-2 ,  65-3,  6 5 - 4 ,  65-5 [ 7 ] ,  PRL-20 .05 ,  FL-10.11, FL-10.12, 
FL-10.14 [ g ] ,  FL-14.177, 1 4 . 1 7 9 ,  1 4 . 1 8 0 ,  1 4 . 1 8 1 ,  and 1 4 . 1 8 2  E123 
i n d i c a t e d  t h a t  a l t h o u g h  t h e  f l i g h t s  were made n o t  o n l y  a t  d i f 
f e r e n t  h o u r s  and on d i f f e r e n t  d a y s ,  b u t  a l s o  i n  d i f f e r e n t  y e a r s ,  
t h e  Langmuir-current  t r a c e s  a n d ,  c o n s e q u e n t l y ,  t h e  h e i g h t  p r o 
f i l e s  n ( h )  f o r  t h e  q u i e t  a tmosphere were q u a l i t a t i v e l y  i d e n t i c a l  
i n  n a t u r e  ( F i g .  2 b ) .  T h i s  made i t  p o s s i b l e  to c o n s t r u c t  a s t a n 
d a r d  n ( h )  p r o f i l e  f o r  t h e  r e g i o n  o f  t h e  magnet ic  e q u a t o r  by s t a 
t i s t i c a l  p r o c e s s i n g  of  t h e  d a t a .  

The n ( h )  p r o f i l e  can  b e  c o n s t r u c t e d  by a s s i g n i n g  t h e  nmax de

t e r m i n e d  f rom t h e  v e r t i c a l - s o u n d i n g  d a t a  and u s i n g  t h e  r a t i o s  
n(hi)/nmax g i v e n  i n  F i g .  2a .  T h i s  method w a s  u s e d  t o  compute n ( h )  

f o r  t h e  l a u n c h i n g s  FL-14.171 , 1 4 . 1 7 3 ,  1 4 . 1 7 4 ,  1 4 . 1 7 5 ,  1 4  - 1 7 6 ,  and 
FL-14.70. 
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2 .  W e  u sed  t h e  CIRA 1965  s t a n d a r d  model o f  t h e  atmosphere /93
1131 t o  compute t h e  a l t i t u d e  d i s t r i b u t i o n  o f  e l e c t r o n  and  i o n  
c o l l i s i o n  f r e q u e n c i e s ,  which were computed f rom t h e  improved ex
p r e s s i o n s  C14, 151 

where 

Y (e, N2)=2,33. lo-" n ( N z )[l-1,21 T,]T, 
,(e, 0,)=1,82. n (0,)[1+3,6. lo-' T,'9 1  T,'1 
v (e, 0)=2,8.10-1O n (0).T,"z 

(I'>1600'R) 
I ( 7 )v(O2+,02)=3,4. 10-13n(O~)~"~(10,6-0,761gI')2 

~ ( 0 2 + , 0 2 ) = 8 , 2 . 1 O - ~ ~ n ( O 2 )  (r<1600' R) 
v (N2+,N2)=3,6110-13 n (N , )  r':.( 1 4 , ~-0,961g r)2 

I 

]\.(e, Nz) ,  v(e, Od,v(e, 0) are t h e  f r e q u e n c i e s  o f  c o l l i s i o n s  o f  e l e c t r o n s  
w i t h  n e u t r a l  N P ,  0 2 ,  and 0 molecu le s ,  r e s p e c t i v e l y ;  

v(02+,  O*), f(NZ1. zv:) are t h e  f r e q u e n c i e s  o f  c o l l i s i o n s  o f  p o s i t i v e  /94 
i o n s  w i t h  n e u t r a l  0 2  and N Z  mo lecu le s ;  

Te and Ti a re  t h e  e l e c t r o n  and i o n  t e m p e r a t u r e s ;  

Tn i s  t h e  t e m p e r a t u r e  o f  t h e  n e u t r a l  g a s ,  r = Te t Ti.  It  
-was assumed t h a t  Te = Ti - Tn. 

The c a l c u l a t e d  d i s t r i b u t i o n s  v e ( h )  and v i ( h )  and t h e  e x p e r i 
menta l  v a l u e s  of  ve de te rmined  by  v a r i o u s  methods [16-231 a r e  
shown i n  F i g .  3. As we see ,  t h e y  a g r e e  w e l l  w i t h  t h e  t h e o r e t i c a l  
v a l u e s  o f  v e ( h ) .  

The components of a n i s o t r o p i c  c o n d u c t i v i t y  p e r  e l e c t r o n - i o n  
p a i r  were c a l c u l a t e d  f o r  two l o n g i t u d e s :  X = 75" E and 75" W ( F i g .  
4 ) -

The c a l c u l a t i o n s  showed t h a t  t h e  e l e c t r i c  f i e l d s  i n  t h e  lower 
ionosphe re  o v e r  t h e  magnet ic  e q u a t o r  are  s u b j e c t  t o  c o n s i d e r a b l e  
a l t i t u d e  and t i m e  v a r i a t i o n s  ( F i g .  5 ) .  The a l t i t u d e  d i s t r i b u t i o n  
o f  E

Y 
has  a maximum a t  h e i g h t s  around 110  km, where t h e  f i e l d  

s t r e n g t h  may r e a c h  %4 l o 2  CGSM u n i t s  i n  t h e  midday  hours  a t  t h e  
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O-Fejer [193 
.-Hall and Fooks [ZO]  
.* Shaw [211 
r-Jespersen et e l .  [221 
*-Pawer et a l .  [23] 
.. Calculated 

s
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10 IO' /D IO I D  d 

Collision frequency, sec-1  

F i g u r e  3. C o l l i s i o n  F r e q u e n c i e s  as F u n c t i o n s  
o f  H e i g h t .  v i s  t h e  f r e q u e n c y  o f  e l e c t r o n  e 
c o l l i s i o n s  ; vi i s  t h e  f r e q u e n c y  of  i o n  c o l l i 
s i o n s .  

h.  km 

F i g u r e  4. Components o f  C o n d u c t i v i t y  p e r  Elec
t r o n - I o n  P a i r  as F u n c t i o n s  o f  H e i g h t .  1, 2 ,  4 ,
6) 011'. G ' - *  GII'. oIYy a t  l o n g i t u d e  7 5 O  W ;  3 ,  5 ,  7 )  
G ' I , S l a , C ' y y  at l o n g i t u d e  75" E ,  where 0 I1 ' i s  t h e  

l o n g i t u d i n a l  component , D'L i s  t h e  t r a n s v e r s e  
c omp one n t  , 0; i s  t h e  H a l l  component, and 0 '

Y Y  
i s  t h e  Cowling component of t h e  c o n d u c t i v i t y  
t e n s o r .  
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s o l a r  a c t i v i t y  minimum. A t  t h e  h e i g h t s  h = 90  and 1 4 0  km, t h e  
e l e c t r i c  f i e l d  s t r e n g t h  i s  smaller  by f a c t o r s  o f  3-4 t h a n  a t  
h = 1 1 0  km. The maximum v a l u e s  of  E

Y 
( h ,  t )  o c c u r  a round noon 

30( % l l h 0 O m - l l  h m  ) .  

It i s  i n t e r e s t i n g  t o  compare /95
t h e  r e s u l t i n g  v a l u e s  w i t h  e x p e r i 
mental  da ta  on t h e  e l e c t r o s t a t i c  
f i e l d  i n  t h e  i o n o s p h e r e .  Such ex
p e r i m e n t s  have  been per formed a t  
middle  l a t i t u d e s  and i n  t h e  r e g i o n s  
o f  t h e  p o l a r  e l e c t r o j e t .  E ( t h e  
component o f  t h e  e l e c t r o s t a t i c -
f i e l d  v e c t o r  p e r p e n d i c u l a r  to t h e  
I 
U I 2 3 410‘ Ey.CGSM 

magnet ic  f i e l d )  and EII ( t h e  com-

F i g u r e  5 .  A l t i t u d e  Pro
f i l e s  of t h e  E l e c t r i c  
F i e l d .  Curves 1, 2 ,  3 ,  
4 ,  5 ,  and 6 were p l o t t e d  
on t h e  basis  o f  t h e  
r o c k e t  f l i g h t s  UNH 65-4,  
UNH 65-5, FL-14.70, FL
1 4 . 1 7 6 ,  FL-14.174, and 
FL-14.173 , r e s p e c t i v e l y .  

[2] .  [l] c i t e s  
v a l u e s  o f  El =2-10-’  V - m - ’ .  A r o c k e t  l a u n c h e d  a t  about  midnight  
on 1 7  October  1 9 6 6  i n t o  a r e g i o n  w i t h  a v i s i b l e  a u r o r a  made i t  
p o s s i b l e  t o  e s t i m a t e  b o t h  E, ~ 8 . 5 .  V-m-’  and EII-2.0.10-* 
V-m-’  [ 4 ] .  

Experiments  were per formed i n  middle  l a t i t u d e s  i n  1964-65  
( a  t o t a l  of 1 2  h i g h - a l t i t u d e - r o c k e t  l a u n c h i n g s )  w i t h  f o r m a t i o n  o f  
a r t i f i c i a l  c l o u d s  at h e i g h t s  o f  130-200 km. T h e i r  motion was 
used  to e s t i m a t e  E .  , which was normal ly  1-3 V - m - l  i n  t h i s  
c a s e  [3] .  I n  A p r i l  1 9 6 7 ,  bar ium was e j e c t e d  from a r o c k e t  a t  a 
h e i g h t  o f  230 km n e a r  t h e  o b s e r v a t o r y  a t  K i r u n a ,  Sweden. The 
va lue  o f  (E- d e r i v e d  from t h e  motion o f  t h e  bar ium-cloud i o n s  
v a r i e d  i n  t h e  (2-20)  lov3 V-m-‘ r a n g e  [ S I .  

According t o  o u r  es t imates ,  t h e  e l e c t r i c  f i e l d s  i n  t h e  
i o n i s p h e r i c  E - l a y e r  above t h e  magnet ic  e q u a t o r  a r o u n d  noon were /96
1 - 4  lo-’ CGSM,  or 1 - 4  V0m” .  These v a l u e s  a re  1-2 
o r d e r s  below t h e  e l e c t r i c  f i e l d s  measured e x p e r i m e n t a l l y  a t  middle  
and h i g h  l a t i t u d e s .  

T h i s  r e s u l t  does n o t  c o n t r a d i c t  t h e  dynamo t h e o r y  , s i n c e ,  
a c c o r d i n g  t o  t h e  l a t t e r ,  t h e  e l e c t r i c  f i e l d s  are  g e n e r a t e d  a t  
middle  l a t i t u d e s  and t r a n s p o r t e d  to l o w  l a t i t u d e s .  N a t u r a l l y ,
E

Y 
i s  smaller a t  low t h a n  a t  middle  l a t i t u d e s .  Experiments  t o  

ponent  o f  e l e  c t r o s  t a t  ic- f ie I d  vec
t o r  a l o n g  t h e  m a g n e t i c  f i e l d )  were 
d e t e r m i n e d  a t  m i d d l e  l a t i t u d e s  w i t h  
e l e c t r o s t a t i c  f l u x m e t e r s  c a r r i e d  on 
r o c k e t s .  Accord ing  to measurements 
made on 1 5  November 1 9 6 1  and 8 June  
1 9 6 3  a t  h e i g h t s  of 200-400 km, 

E L  -7.10-2 V - m - ’ ,  and a c c o r d i n g  
to t h e  r e s u l t s  o f  t h e  1 8  October  
1962 and  1 8  J u n e  1 9 6 3  l a u n c h i n g s ,  
E L  2 1 lo-’ V - m - ’  and  E,, z 

II 


V-m-’  R e f e r e n c e  



measure E
Y 

a t  t h e  magnet ic  e q u a t o r  would b e  e x t r e m e l y  d e s i r a b l e  

f o r  a r r i v a l  a t  a f i n a l  c o n c l u s i o n .  
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ON THE P O S S I B I L I T Y  OF E X P L A I N I N G  FEATURES OF THE L A T I T U D E  197 
V A R I A T I O N S  O F  S q ( H )  AND S q ( Z )  I N  THE E Q U A T O R I A L  

REGION BY E L E C T R I C A L  M O D E L L I N G  

V . N .  Pogrebnoy,  G.I. Gordiyenko,  and B . T .  Zhumabayev 

ABSTRACT: Curves o f  H ( t h e  h o r i z o n t a l  component) 
and Z ( t h e  v e r t i c a l  component) o f  t h e  m a g n e t i c
f i e l d  from a s t r i p  w i t h  an a s s i g n e d  c u r r e n t - d e n 
s i t y  d i s t r i b u t i o n  compiled from t h e  r e s u l t s  o f  
e l e c t r i c a l  m o d e l l i n g  a re  c a l c u l a t e d .  The c a l c u 
l a t  e d  c u r v e s  are  compared q u a l i t a t i v e l y  w i t h  
l a t i t u d e  c u r v e s  o f  S ( H )  and S ( Z )  o b t a i n e d  from 

q q
ground m a g n e t i c  o b s e r v a t o r y  da t a .  It  i s  shown 
t h a t  t h e  forms o f  t h e  t h e o r e t i c a l  H and Z and t h e  
e x p e r i m e n t a l  l a t i t u d e  v a r i a t i o n s  o f  S

9 
( H )  and 

S q ( Z )  are  q u a l i t a t i v e l y  s imi l a r .  Moreover,  e l e c 
t r i c a l  m o d e l l i n g  made i t  p o s s i b l e  to e x p l a i n  t h e  
appearznce  of s e c o n d a r y  maxima d u r i n g  t h e  f o r e 
noon h o u r s ,  v a l l e y s  i n  t h e  l a t i t u d e  c u r v e  o f  S ( H )

q
i n  t h e  e a r l y  morning and e v e n i n g  h o u r s  n e a r  t h e  
magnet ic  e q u a t o r ,  and t h e  complex Sorm o f  t h e  l a t i 
t u d e  c u r v e s  o f  S q ( H )  and S (Z), t h e  l a t t e r  i n  terms 

q
o f  nonuniform c u r r e n t  - d e n s i  t y d i  s t r i b u t i  on i n  t h e  
e q u a t o r i a l  e l e c t r o j e t  from t h e  p e r i o d  of i t s  for
mat ion  t o  c o m p l e t i o n  o f  i t s  d e c a y .  

V a r i a t i o n s  o f  H ,  Z ,  and D r e c o r d e d  a t  ground magnet ic  ob
s e r v a t o r i e s  are  t h e  s t a r t i n g  materials for s t u d y  o f  t h e  param
e t e r s  of t h e  e q u a t o r i a l  e l e c t r o j e t .  The v a l u e  of o b s e r v a t i o n s  
from a network o f  temporary  and permanent o b s e r v a t o r i e s  s i t u a t e d  
a t  t h e  same l o n g i t u d e  on e i t h e r  s i d e  of t h e  magnet ic  e q u a t o r  i s  
o b v i o u s .  Such o b s e r v a t i o n s  were f i r s t  made by G i e s e c k e  [l]. On 
t h e  bas i s  o f  d a t a  o b t a i n e d  a t  1 4  s t a t i o n s  i n  t h e  l a t i t u d e  r a n g e  
from 16O12' S to 3O24 '  N a t  l o n g i t u d e  75O W ,  he made a d e t a i l e d  
s t u d y  of t h e  l a t i t u d e  v a r i a t i o n  of t h e  H-component d i u r n a l  ampli
t u d e  and e s t a b l i s h e d  t h a t  t h i s  a m p l i t u d e  has a maximum i n  a narrow 
zone w i t h i n  k 3 - 4 "  o f  t h e  m a g n e t i c  e q u a t o r .  Subsequent  l a t i t u d e  
s u r v e y s  [2 ,  3 1  and IGY data  o b t a i n e d  w i t h  11 s t a t i o n s  f u n c t i o n i n g
d i r e c t l y  on t h e  m a g n e t i c  e q u a t o r  and more t h a n  30 magnet ic  ob
s e r v a t o r i e s  i n  t h e  e q u a t o r i a l  zone (*20°) b r o u g h t  o u t  a whole 
s e r i e s  of p e c u l i a r i t i e s  i n  t h e  l a t i t u d e  v a r i a t i o n s  of  S q ( H )  and 
S q ( Z ) .  For example,  i t  was r e p o r t e d  i n  [ 4 ,  51 t h a t  t h e  form o f  



S N  

t h e  l a t i t u d e - v a r i a t i o n  c u r v e s  v a r i e s  w i d e l y ,  n o t  o n l y  from day t o  
day ,  b u t  even  from h o u r  t o  hour .  

However, a s t a t i s t i c a l  a n a l y s i s  t h a t  w e  made of t h e  l a t i 
t u d e - v a r i a t i o n  c u r v e  o f  S (H) and S ( Z )  i n d i c a t e s  tha t  t h e  c h a r q q
a c t e r i s t i c  c u r v e  t y p e s  shown i n  F i g .  1 a re  o b s e r v e d  a t  s p e c i f i c
hours  o f  t h e  day ,  namely: t h e  e a r l y  mo n i n g  h o u r s  ( 6 h ) ,  e v e n i n g
( 1 8 h ) ,  midday (11-12h) ,  f o r e n o o n  (8-10 K >,and a f t e r n o o n  h o u r s  (13
1 7 h ) .  

It i s  e v i d e n t  from t h e  f i g u r e  t h a t  t h e  l a t i t u d e  c u r v e  o f  
S ( H )  has e i t h e r  a maximum or a minimum a t  t h e  magnet ic  e q u a t o r

q
i n  t h e  e a r l y  morning or e v e n i n g  h o u r s  ( see  c u r v e s  1 and 2 ,  F i g .  
1). Around noon, the  S

9 
( H )  c u r v e  peaks  w i t h  a maximum a t  about  

11 hours  l o c a l  t i m e .  It i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  peak o f  
t h e  l a t i t u d e  c u r v e  f a l l s  a t  t h e  l a t i t u d e  o f  t h e  m a g n e t i c  e q u a t o r .  

The form of  t h e  l a t i t u d e  
curve  o f  S (H) i s  q u i t e  complexq
i n  t h e  forenoon and a f t e r n o o n  
h o u r s .  Although t h e  v a l u e s  of  
S (HI a r e  h i g h e r  n e a r  t h e  mag

q
n e t i c  e q u a t o r ,  one or two add i 
t i o n a l  peaks  u s u a l l y  a p p e a r  on 
t h e  l a t i t u d e  c u r v e  t o  t h e  n o r t h  
o r  s o u t h  of  t h e  magnet ic  e q u a t o r
( s e e  c u r v e s  3 and 4 ,  F i g .  1). 

We n o t e  f u r t h e r  t h a t  i f  t h e  
l a t i t u d e  c u r v e s  o f  S (H) a r e  

q
a n a l y z e d  i n  a b r o a d  l a t i t u d e  band,  
k20-30°,  t h e y  a re  found t o  b e  
asymmetric a b o u t  t h e  magnet ic  
e q u a t o r .  However, t h e  S q ( H )  

curves  a r e  s y m m e t r i c a l  w i t h  r e 
s p e c t  t o  t h e  magnet ic  e q u a t o r  i n  
a narrow zone,  +4-6" , d u r i n g  t h e  
midday h o u r s .  

The l a t i t u d e  c u r v e  o f  S ( Z )q
i s  a l s o  complex i n  form. I t s  
s t u d y  would r e q u i r e  a network o f  
o b s e r v a t o r i e s  d e n s e r  t h a n  t h a t  
used  f o r  t h e  l a t i t u d e  s u r v e y s  [l
31. A t  p r e s e n t ,  t h e r e f o r e  w e  can 
speak  oniy  o f  g e n e r a l  f e a t u r e s  

b ! r  

-3 0 

F i g u r e  1. L a t i t u d e  V a r i a 
t i o n s  o f  S4(H) and S q ( Z )  
According t o  Data from 
Ground Magnetic Observa
t o r i e s .  a ,  b )  Sq(H) and 
S q ( Z ) ,  r e s p e c t i v e l y ;  1,2) 
T y p i c a l  c u r v e s  f o r  t h e  
morning ( e v e n i n g )  h o u r s  ; 
3 , 4 )  forenoon ( a f t e r n o o n )
h o u r s ;  5 , 6 )  f o r  midday
h o u r s ;  t h e  v e r t i c a l  dashed 
l i n e  i s  t h e  l i n e  of t h e  
m a g n e t i c  e q u a t o r .  

t he  most of t h e  l a t i t u d e  v a r i a t i o n s  
of S 4 ( Z )  i n  t h e  r e g i o n  o f  t h e  m a g n e t i c  e q u a t o r ,  namely: 
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1. The va lues  o f  S
9 
(Z) are p o s i t i v e  i n  t h e  sou the rn  hemi

sphe re  and nega t ive  i n  t h e  n o r t h e r n  hemisphere.  

2 .  The t r a n s i t i o n  o f  S ( Z )  from p o s i t i v e  t o  n e g a t i v e  i s  ob
se rved  i n  t h e  r eg ion  of t h e

q
magnetic e q u a t o r .  

3. 	 The va lues  o f  S ( Z )  are cons ide rab ly  more sou th  of t h e  /99q
magnetic e q u a t o r  t h a n  n o r t h  of i t .  

The known models o f  t h e  e q u a t o r i a l  e l e c t r o j e t  1 6 ,  7 ,  81 can
not  be used t o  e x p l a i n  t h e  complex form o f  t h e  S

9 
( H )  and S 

9 
( Z )  

l a t i t u d e  curves .  However, t h e  scheme tha t  w e  proposed ear l ie r ,  
i n  which t h e  e q u a t o r i a l  e l e c t r o j e t  i s  formed from midd le - l a t i t ude  
S c u r r e n t s ,  made i t  p o s s i b l e  t o  use e l e c t r i c a l  model l ing  t o  com

q
p u t e  t h e  cu r ren t -dens i ty  d i s t r i b u t i o n  i n  the jet from t h e  p e r i o d
of i t s  format ion  t o  t h e  end of i t s  decay. 

By way of  example, F ig .  2 ,  c and f, S E ~ Q W S  l a t i t u d e  p r o f i l e s
o f  t h e  cu r ren t -dens i ty  d i s t r i b u t i o n  i n  t he  e q u a t o r i a l  r eg ion  of  
t h e  ionosphere  for t h e  fo l lowing  p a r t i c u l a r  c o n d i t i o n s  : 

s t r i p  w i d t h  o f  e q u a t o r i a l  e l e c t r o j e t  2b = 600 k m ;  

height  of  c u r r e n t  l a y e r  above ground l e v e l  h = 1 1 0  km. 

c o n d u c t i v i t y  r a t i o s  0 2  = 501 and o 2  = 201,  where o 2  and 01 
are the  c o n d u c t i v i t i e s  of  t h e  s t r i p  and t h e  sur rounding  r e g i o n ,
r e s p e c t i v e l y .  

It  i s  known t h a t  a s t r i p  of width 2b w i t h  uniform c u r r e n t  I 
a t  h e i g h t  h above ground l e v e l  c r e a t e s  a magnet ic  f i e l d  at  t h e  
ground t h a t  can b e  computed by the formulas 

where H and Z a r e  t h e  h o r i z o n t a l  and v e r t i c a l  components o f  t h e  
magnetic f i e l d  and & i s  t h e  p r e s e n t  coord ina te .  

H and Z were computed f o r  va r ious  2b ( 1 0  m ,  20 m ,  ..., 1190 m ,  
1 2 0 0  m )  by (1) and ( 2 )  on a BESM-3M e l e c t r o n i c  com2uter, assuming
I equa l  to 1 CGSM u n i t .  However, t h e  f i e l d s  were added g raph ica l 
l y  i n  compil ing t h e  H- and Z-curves f o r  t h e  p a r t i c u l a r  c u r r e n t  
l a y e r s .  



The c a l c u l a t e d  r e s u l t s  
a p p e a r  i n  F i g .  2 .  The f o l l o w 
i n g  f e a t u r e s  are t o  b e  n o t e d :  

1. When 0 2  = 501,  t h e  H
component shows a peals w i t h  a 
maximum i n  t h e  e a r l y  morning
h o u r s  ; a d d i t i o n a l  maxima a p p e a r  
d u r i n g  t h e  f o r e n o o n  h o u r s ,  
a p p r o x i m a t e l y  a t  t h e  edge of 
t h e  s t r i p ;  d u r i n g  t h e  midday 
h o u r s ,  t h e r e  i s  a g a i n  a s i n g l e
peak w i t h  t h e  maximum on t h e  
magnet ic  e q u a t o r .  The midday 
v a l u e s  o f  H on t h e  magnet ic  
e q u a t o r  are 5 t i m e s  t h e  v a l u e s  
o f  H away from t h e  magnet ic  
e q u a t o r .  

2 .  If o 2  = 2 0 1 ,  t h e  H
c u r v e  forms a v a l l e y  i n  t h e  
e a r l y  morning h o u r s ,  % . e . ,  t h e  
v a l u e s  o f  H are s m a l l e r  n e a r  
t h e  e q u a t o r  t h a n  t h e  H a t  d i s 
t a n c e s  of 700-800 k m  f rom t h e  
magnet ic  e q u a t o r .  During t h e  
forenoon h o u r s ,  t h e  maxima a r e  
o b s e r v e d  n e a r  t h e  e q u a t o r ,  and 
two peaks form a p p r o x i m a t e l y  
a t  t h e  edge  o f  t h e  s t r i p ;
around midday, a s i n g l e  peak 
i s  o b s e r v e d ,  w i t h  midday v a l u e s  
of H a t  t h e  m a g n e t i c  e q u a t o r
t w i c e  as l a r g e  as t h e  H a t  
d i s t a n c e  from t h e  magnet ic  
e q u a t o r .  

3 .  The H-curve f o r  s t r i p
5 i n d i c a t e s  t h a t  t h e  maximum-
H peak s h i f t s  away from t h e  
magnet ic  e q u a t o r  i n  t h e  d i r e c 
t i o n  o f  an  eddy w i t h  h i g h  c u r 
r e n t  d e n s i t y .  I n  t h i s  c a s e ,  
t h e  H-curve i s  asymmetr ic .  

4. The Z-curves have max
i m a  and minima t h a t  c l e a r l y  
m a r k  t h e  b o u n d a r i e s  o f  t h e  
s t r i p  f o r  0 2  = 501,  b u t  t h e y  
are more complex i n  n a t u r e  
w i t h  o 2  = 2 0 1 .  

CGSM 
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F i g u r e  2 .  C a l c u l a t e d  H- and Z-
Components o f  Magnetic F i e l d  
from C u r r e n t  S t r i p .  a ,  d )  H
c u r v e s ;  b ,  e )  Z-curves for 
0 2  = 501 and 0 2  = 2 0 1 ,  r e s p e c 
t i v e l y ;  0 2 )  c o n d u c t i v i t y  o f  
s t r i p ;  0 1 )  c o n d u c t i v i t y  o f  s u r 
rounding  medium; e ,  f )  c u r r e n t  
dens it y  d i  str i b u t i  on p r o f  i l e s  
i n  s t r i p  f o r  cr2 = 501 and o 2  = 
= 2 0 1 ,  r e s p e c t i v e l y .  The p r o 
f i l e s  2 are  c h a r a c t e r i s t i c  f o r  
t h e  c u r r e n t  d i s t r i b u t i o n  i n  
t h e  e q u a t o r i a l  e l e c t r o j e t  
( e q u i n o x  c o n d i t i o n s )  d u r i n g  
t h e  morning ( e v e n i n g )  h o u r s ;  
3 )  d u r i n g  f o r e n o o n  ( a f t e r n o o n )  
h o u r s ;  4) d u r i n g  midday h o u r s ;
5 )  d u r i n g  f o r e n o o n  h o u r s  (sol
s t i c e  c o n d i t i o n s ) ;  p r o f i l e  1: 
u n i f o r m  c o n d u c t i v i t y .  
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It  i s  i n t e r e s t i n g  t o  compare t h e  c a l c u l a t e d  H- and Z-curves 
w i t h  t h e  l a t i t u d e  curves  o f  S ( H )  and S ( Z )  ob t a ined  from mag

q q
ne t i c -obse rva to ry  o b s e r v a t i o n s .  S ince  i t  was p o s s i b l e  t o  model 
only p a r t  of t h e  g l o b a l  S

4 
o f  t h e  c u r r e n t  system, and no t  a l l  of 

i t ,  t h i s  comparison can be made only q u a l i t a t i v e l y .  F o r  example,
l e t  us compare curves 2 (F ig .  2d) w i th  curve 1 ( F i g .  l a ) ,  2 ( F i g .  
2a) w i t h  2 (F ig .  l a ) ,  1(F ig .  2 d )  wi th  2 (F ig .  l b ) ,  2 (F ig .  2d) 
w i th  l ( F i g .  l b ) ,  3 ( F i g .  2 d ) w i t h  3 ( F i g .  l a ) ,  3 (F ig .  2a) wi th  4 
(F ig .  l a ) ,  3 ( F i g .  2d) w i th  3 ( F i g .  l b ) ,  4 ( F i g .  2d) w i t h  4 (F ig .  
l b ) ,  4 (F ig .  2d)  w i th  5 ( F i g .  l a ) ,  4 (F ig .  2a) wi th  6 (F ig .  l a ) ,
4 ( F i g .  2 b )  w i t h  5 ( F i g .  l b ) ,  5 (F ig .  2d) w i t h  4 ( F i g .  l a ) .  

We s e e  from comparison of t h e  curves  ( F i g s .  1 and 2 )  t h a t  
t h e  forms of t h e  c a l c u l a t e d  l a t i t u d e  v a r i a t i o n s  of S 

q 
(H) and S

9 
( Z )  

and t h o s e  ob ta ined  from obse rva t ions  a r e  q u a l i t a t i v e l y  s i m i l a r .  

E l e c t r i c a l  model l ing made i t  p o s s i b l e  to e x p l a i n  such f ea 
t u r e s  of t h e  l a t i t u d e  v a r i a t i o n  of  S

9
( H )  as t h e  appearance of the 

secondary forenoon maxima and t h e  v a l l e y s  i n  t h e  latitude curve  
of S (H) dur ing  t h e  e a r l y  morning ( l a t e  evening)  ho'rrrs near the 

q
magnetic equa to r ;  i t  a l s o  i n d i c a t e d  a cause for t h e  complex form 
o f  t h e  S q ( H )  and S ( Z )  l a t i t u d e  cwves: nonuniform cu~~eaC-den

9 
s i t y  d i s t r i b u t i o n  i n  t h e  s t r i p .  

Thus, e l e c t r i c a l  model l ing opens new p r o s p e c t s  f o r  s tudy  of 
e q u a t o r i a l  e l e c t r o j e t  phenomena. 
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O N  T H E  R E S O L U T I O N  OF T H E  S T A N D A R D  A L G O R I T H M  F O R  
C O S M I  C - RAY S T A T 1  ONS 

I . A .  Pimenov 

ABSTRACT: T h e  r e s o l u t i o n  of  t h e  s t a n d a r d  a l g o 
r i t h m  f o r  cosmic-ray s t a t i o n s  ( S A  CRS) [l, 21 
i s  d i s c u s s e d .  It  i s  shown tha t  r e s o l u t i o n  i n 
c r e a s e s  w i t h  i n c r e a s i n g  a v e r a g i n g  i n t e r v a l .  
However, t h i s  i s  accompanied by an  i n c r e a s e  i n  
t h e  u n c e r t a i n t y  w i t h  w h i c h  t h e  S A  C R S  is  l o c a l 
i z e d .  

References  [l, 2 1  p r o p o s e d  a method f o r  q u a l i t y  r a t i n g  o f  
new i n s t r u m e n t s  for r e g i s t r a t i . o n  o f  t h e  s e c o n d a r y  cosmic radia
t i o n  a t  cosmic-ray s t a t i o n s  (CRS). The e s s e n t i a l s  o f  t h e  p r o 
posed  method are  as f o l l o w s .  The  f o l l o w i n g  methods were u s e d  
for q u a l i t a t i v e  a n a l y s i s  o f  t he  z e r o - l e v e l  d r i f t s  o f  c e r t a i n  
C R S  c h a n n e l s  a c c u r a t e  t o  0 . 1 %  a g a i n s t  t h e  background o f  cosmic-
r a y  v a r i a t i o n s  r a n g i n g  i n t o  t h e  t e n s  o f  p e r c e n t  ( a f t e r  p r e l i m i 
n a r y  t e s t i n g  of  t h e  t r a c e s  f rom i d e n t i c a l  c h a n n e l s  for p a r a l 
l e l i s m )  : 

1. T h e  method of  r a t i o s  

where A k l  i s  a p a r a m e t e r  c h a r a c t e r i z i n g  t h e  i n t e n s i t y  r a t i o  a t  t h e  
kp a r t i c u l a r  p o i n t  i n  t i m e ,  Ii and 1; a re  t h e  r e g i s t e r e d  i n t e n s i t y  

v a l u e s  i n  p u l s e s ,  and k- and -1 are t h e  c h a n n e l s .  

2 .  The method o f  d i f f e r e n c e s  

where Bkl i s  a p a r a m e t e r  c h a r a c t e r i z i n g  t h e  i n t e n s i t y  d i f f e r e n c ei 

i n  r e l a t i v e u n i t s  a t  t h e  p a r t i c u l a r  p o i n t  i n  t i m e .  

S e r i e s  o f  Aik1 , Bik1 (i = 1, 2 ,  ...,) are  t h e n  a n a l y z e d  f o r  
a l l  p o s s i b l e  combina t ions  o f  -k and 2. By u s i n g  b o t h  methods,  w e  
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can e x c l u d e  p e r i o d i c  components f rom t h e  t r a c e s .  Consequent ly ,  
t h e  s t a n d a r d  a l g o r i t h m  f o r  t he  CRS ( S A  C R S )  i s  a method o f  i n 
v e s t i g a t i n g  t h e  n o i s e  a s s o c i a t e d  w i t h  o p e r a t i o n  of t h e  a p p a r a t u s
r e g i s t e r i n g  t h e  cosmic r a d i a t i o n  and governed  by  t h e  s t a t i s t i c a l  
n a t u r e  of t h e  cosmic r a y s .  D e t e c t i o n  o f  f a u l t s  i n  t h e  per formance  
o f  CRS c h a n n e l s  and t h e i r  l o c a l i z a t i o n  are  based on t h e  f a c t  t h a t  
t h e  b e h a v i o r  of t h e  n o i s e  w i l l  change when the re  i s  a breakdown. / l o 4
It can b e  shown t h a t  t h e  e q u a t i o n  of  t h e  p r o b a b i l i t y  d e n s i t y  f o r  
t h e  BF1 w i l l  b e  s u b j e c t  to t h e  normal l a w  

on t h e  i n t e r v a l  o f  normal  f u n c t i o n i n g  of  t h e  r e g i s t e r i n g  i n s t r u 
ment.  S i n c e  the  v a l u e s  o f  It and 1; are e x p r e s s e d  i n  r e l a t i v e  
u n i t s  f o r  t h e  BF1, Formula ( 3 )  can b e  w r i t t e n  

The o r d i n a r y  e s t i m a t e  o f  t h e  v a r i a n c e  o f  t h e  BF' and 

w i l l  be somewhat on t h e  h i g h  s i d e ,  s i n c e  it does n o t  t a k e  account  
o f  t h e  f a c t  t h a t  t h e  c o u n t s  It and 1; f rom which t h e  okl a re  c a l c u -

Bi 
l a t e d  a r e  pa i rwi se  r e l a t e d .  A more a c c u r a t e  es t imate  w i l l  b e  

k lConsequent ly ,  t h e  p r o b a b i l i t y  d e n s i t y  e q u a t i o n  o f  t h e  Bi 

w i l l  be d e t e r m i n e d  by ( 3 ) ,  where t h e  v a l u e  o f  okl i s  c a l c u l a t e d  
by ( 5 ) .  Bi 

When t h e r e  a r e  breakdowns i n  c h a n n e l  o p e r a t i o n ,  t h e  be
h a v i o r  o f  t h e  BF1 s e r i e s  will change f o r  c e r t a i n  combina t ions  o f  

96 




t h e  i n d i c e s  -k and h. A s imi l a r  s i t u a t i o n  w i l l  a l s o  a r i s e  f o r  t h e  
AF1. Thus, i n  t h e  c a s e  o f  r e g u l a r  f a i l u r e s ,  Eq. ( 5 )  w i l l  t a k e  t h e  
f o l l o w i n g  form f o r  a s t a g e  f a i l u r e :  

and f o r  l i n e  f a i l u r e :  

The pa rame te r s  6 ,  a_, a n d 1  i n  ( 6 )
and ( 7 )  a re  found by t h e  method of  l eas t  

-1s q u a r e s .  I n  c a l c u l a t i n g  “(Ii
-k - I-.), a, 

and b_, i t  i s  n e c e s s a r y  to remember t h a t  
any t y p e  of  f a i l u r e  can b e  d e t e c t e d  i f  
i t s  magnitude exceeds  t h e  minimum n o i s e  
l e v e l  c h a r a c t e r i s t i c  f o r  t h e  p a r t i c u l a r  
i n s t r u m e n t .  It  i s  n a t u r a l  t o  assume 
t h a t  t h i s  l e v e l  w i l l  b e  lower  f o r  equip
ment t h a t  per forms s t a b l y  and r e l i a b l y .
At t h e  same t i m e ,  t h e  o v e r - a l l  n o i s e  
l e v e l  w i l l  b e  h i g h e r  t h a n  t h e  minimum 
a t  c e r t a i n  v a l u e s  of  t h e  a v e r a g i n g  k l  
i n t e r v a l  AT, s i n c e  t h e  q u a n t i t i e s  Ai 

and Bkl  a l s o  depend on s t a t i s t i c a l  
f l u c t u a t i o n s .  Hence t h e  c o n d i t i o n  t h a t  
t h e  minimum n o i s e  l e v e l  be exceeded  i s  
n e c e s s a r y ,  b u t  not s u f f i c i e n t  f o r  f a i l u r e  
d e t e c t i o n .  W e  shou ld  e x p e c t  o 2  kl, which 

Bi 
c h a r a c t e r i z e s  t h e  t o t a l  n o i s e  l e v e l ,  to 
decrease w i t h  i n c r e a s i n g  a v e r a g i n g  i n 
t e r v a l  AT, s i n c e  t h e  i n f l u e n c e  of  sta
t i s t i c a l  f l u c t u a t i o n s  becomes weaker 
w i t h  i n c r e a s i n g  AT. Consequent ly  , t h e  
02,kl = f(AT) c u r v e  w i l l  d rop  w i t h  ris

ui 
i n g  AT, making an a s y m p t o t i c  approach to 

l e v e l  

F i g u r e  1. Var iance  
o f  D i f f e r e n c e  Between 
Readings of I d e n t i c a l  
Channels -k and 1, 
o 2I ( A ) - I ( B ) ’  as a 
F u n c t i o n  o f  Length of 
Averaging I n t e r v a l .  
The s c a l e  on t h e  a x i s  
o f  a b s c i s s a s  i s  loga 
r i t h m i c ,  and  t h e  o r d i 
n a t e s  are p u l s e  
coun t s .  Chicago, 
February  1 9 6 4 .  

t h e  n o i s e  governed  by equipment o p e r a t i o n .  I n  o t h e r  words,  
t n e  a2 k l  = f(AT) cu rve  w i l l  t e n d  t o  t h e  s e t - n o i s e  l e v e l  o f  t h e  

Bi 
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r e g i s t e r i n g  i n s t r u m e n t .  

The dependence o f  o 2  kl on AT was computed t o  v e r i f y  these 
c o n s i d e r a t i o n s .  Bi 

Data f o r  t h e  c i t y  o f  Chicago Februa ry  1 9 6 4 )  were ana lyzed .
The s t a t i s t i c a l  f l u c t u a t i o n s  make an  a p p r e c i a b l e  c o n t r i b u t i o n  
only  f o r  s m a l l  AT = 1, 2 ,  and 6 hour s  (F ig .  1); a t  AT = 1 2  h o u r s ,  
t he  s t a t i s t i c a l  and i n s t r u m e n t a l  f a c t o r s  are o f  approx ima te ly
e q u a l  i n f l u e n c e ,  b u t  b e g i n n i n g  w i t h  AT = 1 day', t h e  i n s t r u m e n t a l  
f a c t o r  b e g i n s  t o  e x e r t  the  d e c i s i v e  i n f l u e n c e  on sys t em n o i s e  
l e v e l .  T h i s  i n d i c a t e s  t h a t  as. AT i n c r e a s e s ,  i t  becomes p o s s i b l e  
t o  d e t e c t  i n c r e a s i n g l y  weaker  d r i f t s  of t h e  n u l l  l e v e l  o v e r  a 
t i m e  i n t e r v a l  e9u a l  t o  AT or a m u l t i p l e  t h e r e o f .  The s t e e p n e s s  
w i t h  which t h e  a B k l  = f ( A T )  curve  descends  depends to a c o n s i d e r -

I 


able degree on t h e  q u a l i t y  o f  i n s t r u m e n t  per formance .  Thus,  f o r  
s t a t i o n s  less  r e l i a b l e  t h a n  t h a t  o f  Chicago,  w e  s h o u l d  e x p e c t  t h e  
asymptote  t o  which t h e  o 2  k l  =f ( logAT)  cu rve  t e n d s  t o  be  h i g h e r

Bi 

on t h e  a x i s  o f  o r d i n a t e s .  The minimum and maximum n o i s e  l e v e l s  
can vary  w i t h  t i m e  even  a t  t h e  same s t a t i o n .  

Fo r  t h e  SA CRS,  t h e r e f o r e ,  i t  i s  n e c e s s a r y  to p r o v i d e  f o r  
a c q u i s i t i o n  o f  a f a m i l y  o f  o 2  k l  = f ( A T )  cu rves  t h a t  w i l l  d e t e r -

Bi 
mine s t a t i o n  r e s o l u t i o n .  I n  t h i s  c a s e ,  t h e  r ange  of p o s s i b l e  AT 
v a l u e s  w i l l  vary  from AT = 15 min ( t h e  b a s i c  r e g i s t r a t i o n  r ange
of t h e  C R S )  to AT = 1 day.  There i s  no p o i n t  i n  making t h e  c a l 
c u l a t i o n s  f o r  i n t e r v a l s  l o n g e r  t h a n  a day,  s i n c e  t h e  n u l l  l e v e l  
o f  a CRS i s  c o n s t a n t  w i t h  a n  accu racy  no  b e t t e r  t h a n  0 . 1 % .  
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R E S U L T S  OF MEASUREMENT OF R A D I O - W A V E  
A B S O R P T I O N  I N  T H E  I O N O S P H E R E  BY T H E  

A I  METHOD 

N . A .  Korinevskaya 

ABSTRACT: The r e s u l t s  of  a b s o r p t i o n  measurements 
a t  2 . 2  MHz i n  1964-1967 are examined. T h e  i n 
s t r u m e n t s  are d e s c r i b e d .  Median noon a b s o r p t i o n
v a l u e s  f o r  e a c h  month from 1 9 6 4  t h r o u g h  1 9 6 7 ,  
t h e  d i r u n a l  v a r i a t i o n s  of a b s o r p t i o n  on t h e  
Regular  World Days ( R W D ' S ) ,  and t h e  s e a s o n a l  
v a r i a t i o n s  o f  a b s o r p t i o n  and cos x are  g i v e n .
The dependence o f  t h e  a b s o r p t i o n  c o e f f i c i e n t  
o n  s u n  s p o t  n u m b e r  i s  a n a l y z e d .  

During t h e  p e r i o d ' o f  t h e  I G Y  and  I Q S Y ,  t h e  a b s o r p t i o n  of 
r a d i o  waves i n  t h e  i o n o s p h e r e  was i n v e s t i g a t e d  a t  a b r o a d  n e t 
work of s t a t i o n s  u n d e r  t h e  u n i f i e d  i n t e r n a t i o n a l  program [ l - 3 3 .
New da ta  t h a t  e n a b l e  us  t o  b e g i n  s t u d y  o f  t h e  g e o g r a p h i c  d i s 
t r i b u t i o n  o f  a b s o r p t i o n  were o b t a i n e d .  S t u d i e s  of a b s o r p t i o n
d u r i n g  t h e  y e a r s  of t h e  s o l a r  a c t i v i t y  minimum are of p a r t i c u l a r
i n t e r e s t  . 

-- __ -- .Appara tus .  .-Program o f  o b s e r v a t i o n s .  The a b s o r p t i o n  o f  
r a d i o  waves i n  t h e  i o n o s p h e r e  ( A I .  method) w a s  measured from 1955  
t h r o u g h  1962 a t  two f r e q u e n c i e s :  2 . 2  k 0.2 and 3 . 0  k 0 . 2  MHz. 
The r e f l e c t e d - p u l s e  a m p l i t u d e s  were r e g i s t e r e d  v i s u a l l y  [ 4 1 .  

Radio-wave a b s o r p t i o n  was n o t  measured a t  A l m a - A t a  from 1962 
th rough 1 9 6 4 ,  s i n c e  improved a p p a r a t u s  had been  i n s t a l l e d .  An 
SP-3  i o n o s p h e r i c  s o u n d e r  w i t h  a s p e c i a l  OG-1-11 o s c i l l o g r a p h  was 
p r e p a r e d  f o r  p h o t o g r a p h i c  r e g i s t r a t i o n  o f  r e f l e c t e d - s i g n a l  ampli
t u d e s .  The p u l s e  powers of  t h e  SP-3 t r a n s m i t t e r ,  which r a n g e  up 
t o  20  kW, a r e  r e g u l a t e d  w i t h  a f i v e - p o s i t i o n  s e l e c t o r .  P u l s e  
d u r a t i o n  i s  1 0 0  u s e e .  P u l s e  r e p e t i t i o n  r a t e  i s  30 Hz. The re
c e i v e r  has a s e n s i t i v i t y  o f  1 0  pV w i t h  a 2 : l  s i g n a l - t o - n o i s e
r a t i o  and a p a s s b a n d  o f  30 kHz. 

The r e c e i v e r  f o r  a b s o r p t i o n  measurements has a l i n e a r  a m p l i 
t u d e  r e s p o n s e  o v e r  a broad  v o l t a g e  r a n g e  (up  to 12 mV a t  i t s  i n p u t  
w i t h  79-dB a t t e n u a t i o n ) .  The t r a n s m i t t i n g  a n t e n n a  i s  rhombic,  and 
t h e  r e c e i v i n g  a n t e n n a  i s  a wide-band h o r i z o n t a l  d i p o l e .  P u l s e  
amp:Litudes a r e  m o n i t o r e d  v i s u a l l y  w i t h  a K-2 d i s p l a y .  Two g a t e d
echo s i g n a l s  go from t h e  s t a t i o n  o u t p u t  t o  t h e  d i f f e r e n t i a l  i n 
p u t  of  t h e  OG-1-11 o s c i l l o g r a p h .  The r e f l e c t i o n s  of t h e  f i r s t a n d  
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second echo s i g n a l s  appear  on e i t h e r  s i d e  of t h e  c e n t e r l i n e  on t h e  
o s c i l l o g r a p h  s c r e e n  and a re  r e g i s t e r e d  on f i l m  ( w i d t h  35 mm)
moving a t  a speed o f  20 mm/min. Time markers are au tomat i ca l ly
p laced  at  one-minute i n t e r v a l s  b y  an  e l e c t r o n i c  f lash t r i p p e d  by  /108,
t h e  ionosphe r i c  sounder ' s  program c lock .  I 

On 1 January 1 9 6 4 ,  measurements of r a d i o  a b s o r p t i o n  were 
resumed under t h e  i n t e r n a t i o n a l  program a t  2 . 2  f 0 . 2  MHz C3J. 
A second a u x i l i a r y  frequency was s e l e c t e d  i n  t h e  band from 3 . 2  
t o  4.8 MHz as a f u n c t i o n  of  t h e  s t a t e  of  t h e  ionosphe re ,  w i t h  
the  p r o v i s o  t h a t  i t  be s e p a r a t e d  by 10% from t h e  c r i t i c a l  f r e 
quency o f  any l a y e r .  S t r a t i f i c a t i o n  i n  t h e  E- and F-regions
and low c r i t i c a l  f r equenc ie s  d u r i n g  t h e  n i g h t ,  when t h e  c a l i b r a 
t i o n  cons t an t  of t h e  in s t rumen t  was determined,  made i t  d i f f i c u l t  
t o  s e l e c t  t h e  second frequency.  Radio-wave a b s o r p t i o n  was meas
ured t h r e e  t i m e s  a day a t  each frequency:  

1. Two 15-minute s e s s i o n s  around noon (11:30-11:45 and 12:30
12:45 l o c a l  s o l a r  t i m e ) .  

F igu re  1. Specimen Photographic  Record of  t h e  
Amplitudes of  S i g n a l s  Ref l ec t ed  from t h e  Iono
sphere .  

2 .  One 30-minute s e s s i o n  a t  n i g h t ,  when double  r e f l e c t i o n s  
occur ,  f o r  de t e rmina t ion  of  t h e  i n s t r u m e n t ' s  c a l i b r a t i o n  cons t an t .  
Measurements were made i n  t h e  3.2-4.8-MHz frequency band i n  1964
1965.  

The o s c i l l o g r a p h  was c a l i b r a t e d  w i t h  a GSS-6 w i t h  e x t e r n a l  
modulation from a p u l s e  g e n e r a t o r .  Two g a t e d  p u l s e s  d e l i v e r e d  
from the r e c e i v e r  o u t p u t  w i t h  d i f f e r e n t  i n p u t  v o l t a g e s  and re
c e i v e r  g a i n s  were photographed on moving f i l m .  A c a l i b r a t i o n  
curve expres s ing  t h e  ampl i tude  o f  t h e  s i g n a l  on t h e  O G - 1 - 1 1  os
c i l l o g r a p h  ( i n  mm) as a f u n c t i o n  of  r e c e i v e r  i n p u t  v o l t a g e  ( i n  
LIV) 	was t hen  p l o t t e d .  The c o e f f i c i e n t  K was c a l c u l a t e d  from t h e  
c a l i b r a t i o n  curves f o r  t h e  d i f f e r e n t  g a i n s  w i t h  t r ansmiss ion  
bandwidth h e l d  c o n s t a n t ,  f o r  use  i n  de te rmining  t h e  average
ampli tude o f  t h e  s i g n a l  over  each measurement s e s s i o n  ( F i g .  1). 

C a l c u l a t i o n  of  r a d i o  wave abso rp t ion  c o e f f i c i e n t .  The ab
s o r p t i o n  c o e f f i c i e n t  L ( i n  d B )  f o r  v e r t i c a l  i n c i d e n c e  i s  
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d e t e r m i n e d  by t h e  f o r m u l a s  

where Aln i s  t h e  a v e r a g e  a m p l i t u d e  o f  t h e  f i r s t  r e f l e c t i o n  a t  
n i g h t ,  i n  mm; Ald i s  the  a v e r a g e  a m p l i t u d e  of t h e  f i r s t  r e f l e c t i o n  
d u r i n g  t h e  day ,  i n  mm; A:! i s  t h e  a m p l i t u d e  o f  t h e  s e c o n d  r e f l e c 
t i o n  i n  mm; p i s  t h e  c o e f f i c i e n t  o f  r e f l e c t i o n  from t h e  i o n o 
s p h e r e  ; 'e i s  t h e  c o e f f i c i e n t  of  r e f l e c t i o n  from t h e  ear th ;  11' 

i s  t h e  e f f e c t i v e  h e i g h t  o f  t h e  r e f l e c t i n g  l a y e r  a t  t h e  p a r t i c u l a r
f r e q u e n c y ;  pe i s  assumed e q u a l  to u n i t y .  

A l l  measurements were reduced  to a h e i g h t  h = 100  k m  by u s i n g  
t h e  e x p r e s s i o n  2 0 l o g ( h ~ / 1 0 0 ) .  The q u a n t i t y  

k '
Go.=201g 

A K  $2OIg &2-

P 

c h a r a c t e r i z e s  t h e  unabsorbed  energy  of t h e  r a d i o  wave and i s  t h e  
c a l i b r a t i o n  c o n s t a n t  o f  t h e  equipment .  During t h e  day ,  when the re  
are no m u l t i p l e  r e f l e c t i o n s ,  a b s o r p t i o n  i s  c a l c u l a t e d  by Formula 
( 2 )  f rom t h e  f i r s t - m u l t i p l i c i t y  r e f l e c t e d  s i g n a l  w i t h  c o n s i d e r a 
t i o n  of t h e  i n s t r u m e n t a l  c o n s t a n t .  The a v e r a g e  a m p l i t u d e  o f  t h e  
s i g n a l  on t h e  f i l m  i s  d e t e r m i n e d  w i t h  an  e l e c t r o m e c h a n i c a l  i n t e 
g r a t i n g  d e v i c e  d e s i g n e d  to a v e r a g e  t h e  o r d i n a t e s  o f  t h e  c u r v e s  
and s u g g e s t e d  by E n g i n e e r  A.A. S t a r o v a t o v .  

Det-erminat ion of i n s t r u m e n t  c a l i b r a t i o n  c o n s t a n t .  The  i n 
s t r u m e n t a l  c o n s t a n t  Go- -(unabsorbed f i e l d  s t r e n g t h )  i s  d e t e r m i n e d  
from t h e  n i g h t t i m e  e c h o - s i g n a l - r e g i s t r a t i o n  s e s s i o n s ,  when ab
s o r p t i o n  i s  very  weak and m u l t i p l e  r e f l e c t i o n s  from t h e  F- and  
E - l a y e r s  of  t h e  i o n s o p h e r e  are o b s e r v e d .  

M e t h o d o l o g i c a l  d i f f i c u l t i e s  a r i s e  i n  d e t e r m i n i n g  t h e  i n s t r u - /110
m e n t a l  c o n s t a n t  G O .  There  a r e  two methods o f  c a l c u l a t i n g  t h e  
c a l i b r a t i o n  c o n s t a n t  ( 6 ) .  I n t h e  f i r s t ,  i t  i s  d e t e r m i n e d  from t h e  
a m p l i t u d e  o f  t h e  f i r s t  r e f l e c t i o n  a t  n i g h t .  It i s  assumed tha t  
a b s o r p t i o n  i s  very  weak a t  n i g h t .  I n  t h e  s e c o n d  method, i t  i s  
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n e c e s s a r y  t o  de t e rmine  t h e  a m p l i t u d e s  of  t h e  f i r s t  and second 
r e f l e c t i o n s  and compute t h e  c o e f f i c i e n t  o f  r e f l e c t i o n  from t h e  
i o n o s p h e r e  i n  o r d e r  to c a l c u l a t e  t h e  i n s t r u m e n t ' s  c a l i b r a t i o n  
c o n s t a n t .  A s  w e  know, t h e  c o e f f i c i e n t  o f  r e f l e c t i o n  from t h e  
e a r t h  may v a r y  o v e r  a b r o a d  r a n g e  from 0.99 ( sea  water) to 0 . 5  
( d r y  g round) ,  depending on s o i l  c o n d u c t i v i t y  [8].  The c o e f y i c 
i e n t  o f  r e f l e c t i o n  from t h e  e a r t h  i s  assumed e q u a l  t o  u n i t y  i n  
b o t h  t h e  f i rs t  and second' c a l c u l a t i o n  methods.  T h i s  a s sumpt ion
i n t r o d u c e s  a n  e r r o r  i n  d e t e r m i n a t i o n  o f  t h e  c a l i b r a t i o n  c o n s t a n t ,  
e s p e c i a l l y  i n  l o c a l i t i e s  where s o i l  c o n d u c t i v i t y  . v a r i e s  w ide ly  
and t h e  r e l i e f  i s  b roken  [lo]. 

I n  1 9 6 4 ,  o n l y  r e f l e c t i o n s  from the  n i g h t t i m e  F - l a y e r  were 
used t o  de t e rmine  G o ,  and s e s s i o n s  d u r i n g  which r e f l e c t i o n s  f rom 
t h e  sp o r a d i c  E- l aye r  appeared  on t h e  i o n o s p h e r i c  r e c o r d s  were n o t  
c o n s i. d e r e d  i n  t h e  c a l c u l a t i o n .  The l a r g e s t  numbers o f  s e s s i o n s  
w i t h  m u l t i p l e  r e f l e c t i o n s  from t h e  F - l aye r  are  obse rved  i n  Sep
t ember  th rough  March. During t h e  summer, m u l t i p l e  r e f l e c t i o n s  
from t h e  F - l a y e r  are  r a re r  owing t o  s c r e e n i n g  by t h e  s p o r a d i c  E
l a y e r .  I n  v i r t u e  o f  t h e  l a r g e  number o f  n i g h t  s e s s i o n s ,  w e  were 
a b l e  t o  de t e rmine  t h e  i n s t r u m e n t a l  c o n s t a n t  s e p a r a t e l y  f o r  each  
month. J u n e  1 9 6 4  was an  e x c e p t i o n ;  i n  t h a t  month, t h e r e  were 
very  f e w  s e s s i o n s  w i t h  m u l t i p l e  r e f l e c t i o n s  from t h e  F - l a y e r  t h a t  
were s u i t a b l e  f o r  c a l c u l a t i o n ,  and w e  were n o t  y e t  t a k i n g  r e f l e c 
t i o n s  from the  s p o r a d i c  E- l aye r  i n t o  accoun t .  The ave rage  va lue  
o f  t h e  i n s t r u m e n t a l  c a l i b r a t i o n  c o n s t a n t  Go o v e r  t h e  month was 
c a l c u l a t e d  by l i n e a r  a v e r a g i n g ,  i.e . ,  t h e  q u a n t i t y  G3 = 

P 
w a s  

averaged  f o r  t h e  i n d i v i d u a l  measurements b e f o r e  c o n v e r t i n g  i t  t o  
d e c i b e l s ,  and t h e n  t h e  h e i g h t  c o r r e c t i o n  20 log (h /100)  w a s  added 
t o  i t .  With a s u f f i c i e n t l y  l a r g e  number o f  measurements,  l i n e a r  
and d e c i b e l  a v e r a g i n g s  af Go d i f f e r  by no more t h a n  1 -1 .5  d B .  

I n  s t u d y  o f  radio-wave absorp-
TABLE 1 t i o n  i n  t h e  i o n o s p h e r e ,  an  i n t e r e s t 

i n g  problem i s  t h a t  o f  t h e  i n f l u e n c e  
o f  a s e m i t  r a n s  p are n t  sp o r a d i  c E- l a y e r  
on t h e  v a l u e  o f  t h e  i n s t r u m e n t a l  con
s t a n t  [ S I .  I n  t h i s  c a s e ,  w e  may ex
p e c t  a d e c r e a s e  i n  t h e  i n s t r u m e n t a l  
c o n s t a n t  because  some o f  t h e  energy 
o f  t h e  r a d i o  waves i s  r e f l e c t e d  from /111 

January 49 90,4 31 89,6 t h e  E- l aye r  and does n o t  r e a c h  t h e  
F - l aye r  [ 8 ] .  During January-March

February 72 90,o 33 89,2 1 9 6 4 ,  many r e f l e c t i o n s  from a s e m i -
.March 28 $0.2 18 90.4 t r a n s p a r e n t  s p o r a d i c  E- l aye r  were 

r e g i s t e r e d  a t  n i g h t .  T h i s  e n a b l e d  us  
t o  compute t h e  i n s t r u m e n t a l  c o n s t a n t  
f o r  two d i f f e r e n t  s e t s  o f  c o n d i t i o n s .  
F i r s t ,  a l l  n i g h t  s e s s i o n s  w i t h  r e f l e c 

t i o n s  from t h e  F - l a y e r  i n  t h e  p r e s e n c e  o f  an E s - l a y e r  were t a k e n  

i n t o  account  i n  computing t h e  i n s t r u m e n t a l  c o n s t a n t  Go ( T a b l e  1). 
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Then w e  computed G o  from r e f l e c t i o n s  from 
s i o n  of  t h e  s e s s i o n s  i n  which r e f l e c t i o n  
s p o r a d i c  E - l a y e r  w a s  o b s e r v e d .  

t he  F - l a y e r  w i t h  e x c l u 
from t h e  s e m i t r a n s p a r e n t  

A s  T a b l e  1 shows, 
t h e  s e m i t r a n s p a r e n t  
s p o r a d i c  E - l a y e r  a c t u 
a l l y  has  no i n f l u e n c e  
on t h e  i n s t r u m e n t ' s  
c a l i b r a t i o n  c o n s t a n t .  

I n  d e t e r m i n i n g  t h e  
c a l i b r a t i o n  c o n s t a n t ,  
i t  i s  n e c e s s a r y  t o  con
s i d e r  t h e  s t a t e  o f  t h e  
i o n o s p h e r e .  A d i f f u s e  
i o n o s p h e r e  c a u s e s  s c a t 
t e r i n g  o f  t h e  r a d i o  
wave 's  energy  on i n -
homogenei t ies  and a de
c r e a s e  i n  t h e  c o e f 
f i c i e n t  o f  r e f l e c t i o n  

P =  
2 E z  from t h e  i o n o 

s p h e r e .  A s  a r e s u l t ,  
t h e  i n s t r u m e n t a l  con-

F i g u r e  2. R a y l e i g h  F r o b a b i l i t y  Den
s i t y  o f  Random V a r i a b l e s  (1); Cal i 
b r a t i o n  C o n s t a n t  a t  2.2-MHz F r e 
quency (2). 

s t a n t  G0=201g-E l k  i s  on t h e  h i g h  s i d e  i f  d e t e r m i n e d  under  t h e s e
P 

c o n d i t i o n s  [ g ] .  

The e x p e r i m e n t a l  curve  ( F i g .  2 )  i s  approximated  q u i t e  c l o s e l y  
by  t h e  R a y l e i g h  p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  of random v a r i 
a b l e s  (dashed  c u r v e ) .  

Res-ults o f  measurement o f  r a d i o  a b s o r p t i o n  a t  2.2 f 0.2 MHz. 
I n  a b s o r p t i o n  measurements ,  i t  i s  d e s i r a b l e  t o  s e l e c t - t h e  l o w e s t  
p o s s i b l e  f r e q u e n c i e s  i n  o r d e r  to minimize t h e  e r r o r  i n t r o d u c e d  b y  
t h e  e x t r a o r d i n a r y  wave. The s e l e c t e d  f r e q u e n c i e s  must n o t  b e  
c l o s e  to t h e  c r i t i c a l  f requency  of  t h e  r e g i o n  f o r  any l e n g t h  of 
t i m e .  I n  accordance  w i t h  t h e s e  r e q u i r e m e n t s ,  a f requency  o f  2.2 
MHz was s e l e c t e d  f o r  t h e  b a s i c  measurements by  i n t e r n a t i o n a l  
agreement [1, 31. 

On a n a l y z i n g  t h e  v a r i a t i o n  o f  t h e  noon v a l u e s  o f  t h e  ab
s o r p t i o n  c o e f f i c i e n t  L ( F i g .  3 ) ,  we n o t e  t h a t  a b s o r p t i o n  v a r i e d  
s h a r p l y  d u r i n g  J a n u a r y  i n  1 9 6 4  and 1 9 6 5 .  The a b s o r p t i o n  i n c r e a s e  
from 1 0  t h r o u g h  15 and from 25 t h r o u g h  27 J a n u a r y  1 9 6 4  w a s  ac
companied by a marked r i s e  i n  t h e  minimum r e f l e c t i o n  f requency  on 
t h e  i o n o s p h e r i c  r e c o r d s .  I n  1 9 6 5 ,  a b s o r p t i o n  w a s  u n u s u a l l y  s t r o n g  
from 5 t h r o u g h  1 0  J a n u a r y  and from 28 t h r o u g h  31  December, and i n  
1 9 6 6  from 1 9  t h r o u g h  2 3  J a n u a r y .  T h i s  i s  an example of  t h e  w i n t e r  
a b s o r p t i o n  anomaly, which has been  o b s e r v e d  on many o c c a s i o n s  a t  
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Alma-Ata,  1966 RWD’s 
P 

February March 

IS M IL n I?# IS 111 16 111 17iii 

April 

@ l V  IJlr  141r 

I July  

October November December  

RX N K  MU I?n I f3uC AWi l5llr 

F i g u r e  4.A b s o r p t i o n  on RWD. e )  Cases of r e f l e c t i o n  
from s p o r a d i c  E - l a y e r ;  t h e  d a s h e d  l i n e s  are t i m e s  
o f  s u n r i s e  and s u n s e t .  
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I 

o t h e r  s t a t i o n s  i n  l a t i t u d e s  f rom 30 to 60° a n d  i n  b o t h  t h e  
n o r t h e r n  a n d  s o u t h e r n  h e m i s p h e r e s .  The i n c r e a s e d  a b s o r p t i o n  as
s o c i a t e d  w i t h  t h e  w i n t e r  anomaly u s u a l l y  p e r s i s t s  f o r  a b o u t  two 
to f i v e  d a y s  i n  a row a t  v a r i o u s  t i m e s  . d u r i n g  t h e  month.  The 
w i n t e r  anomaly i s  assumed to b e  due to a r i s e  i n  t h e  t e m p e r a t u r e  
o f  t h e  l o w e r  i o n o s p h e r e  [ll, 121. The s t r o n g e s t  a b s o r p t i o n  d u r 
i n g  t h e  w i n t e r  anomaly w a s  r e g i s t e r e d  i n  t h e  y e a r  o f  t h e  s o l a r  
a c t i v i t y  minimum ( 1 9 6 4 ) ;  t h e n ,  as s o l a r  a c t i v i t y  i n c r e a s e s ,  t h e  
w i n t e r  a b s o r p t i o n  f l u c t u a t i o n s  become s m a l l e r .  

I n  J a n u a r y  1 9 6 4  ( F i g .  4 ) ,  t h e  R W D ' s  c o i n c i d e d  w i t h  t h e  days  
o f  t h e  w i n t e r  a b s o r p t i o n  anomaly .  The s t r o n g e s t  a b s o r p t i o n  (L = 
= 53 dB) was o b s e r v e d  on 1 4  J a n u a r y ;  a b s o r p t i o n  t h e n  d e c r e a s e d  
g r a d u a l l y  to L = 19 dB on 1 7  J a n u a r y .  I n  t h e  d i u r n a l  a b s o r p t i o n  
c u r v e s ,  t h e r e  were o c c a s i o n a l l y  (19 F e b r u a r y ,  e t c . )  s h a r p  i n 
c r e a s e s  d u r i n g  t h e  morn ing  and e v e n i n g  h o u r s  due  to t h e  p r o x i m i t y  
o f  t h e  work ing  f r e q u e n c y  to t h e  c r i t i c a l  f r e q u e n c y  o f  t h e  E - l a y e r  
Dur ing  t h e  n i g h t ,  a b s o r p t i o n  f l u c t u a t e s  i n  t h e  r a n g e  f rom 0 to 1 0  
dB; i n  c e r t a i n  c a s e s ,  w e  n o t e  n e g a t i v e  a b s o r p t i o n - c o e f f i c i e n t  
v a l u e s  ( i n  F e b r u a r y  1 9 6 4  and  Sep tember  1965), p o s s i b l y  as a r e 
sult o f  f o c u s i n g  ( T a b l e  2 ,  F i g .  5 ) .  A t  A l m a - A t a ,  t h e  weakes t  ab
s o r p t i o n  i s  u s u a l l y  o b s e r v e d  i n  F e b r u a r y  and  November, and  t h e  
s t r o n g e s t  d u r i n g  t h e  summer. T a b l e  2 g i v e s  median noon a b s o r p 
t i o n  v a l u e s  (L, dB) a n d  t h e  roo t -mean- squa re  d e v i a t i o n  ( 0 ) .  
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F i g u r e  5 .  S e a s o n a l  Varia- F i g u r e  6.  S e a s o n a l  Varia
t i o n  o f  Noon Absorp t ion  t i o n  o f  Absorp t ion  a t  
f o r  1964-1967. 1) A t  2.2 A l m a - A t a  During Years of 
MHz; 2 )  a t  4 .5  MHz d u r i n g  Sunspot  Maximum (1964
1965.  1967) .  

Absorp t ion  w a s  t r a c e d  as a f u n c t i o n  o f  s o l a r  a c t i v i t y o n  t h e  
basis o f  t h e  A l m a - A t a  a b s o r p t i o n  data  f o r  1958 and 1959 and 
p a r t i a l  data  f o r  1960-1967 ( F i g s .  6 and 7 ) .  

Absorp t ion  b e g i n s  t o  i n c r e a s e  d u r i n g  t h e  l a t t e r  ha l f  o f  
1966; d u r i n g  Februa ry  and March o f  1967,  i t  w a s  above normal 
owing to a s h a r p  i n c r e a s e  i n  t h e  number o f  s u n s p o t s .  

Absorp t ion  can b e  e x p r e s s e d  by t h e  f o l l o w i n g  formula  as a 
f u n c t i o n  o f  sunspo t  number f o r  A l m a - A t a :  

L=L (.f+ClW). 

where a = 0 .0026 and W i s  t h e  r e l a t i v e  s u n s p o t  number. During / I 1 8  
y e a r s  of maximum and minimum s o l a r  a c t i v i t y ,  however, a c e r t a i n  
c o r r e c t i o n  must b e  i n t r o d u c e d  i n t o  t h i s  formula ,  s i n c e  it has 
been  observed  t h a t  t h e  f a l l  and r i s e  o f  s o l a r  a c t i v i t y  do n o t  
immediately r e d u c e  and  i n c r e a s e  a b s o r p t i o n .  The re  i s  a s h i f t  o f  
approx ima te ly  one y e a r  between s u n s p o t  number and a b s o r p t i o n .
Indeed ,  a b s o r p t i o n  was no weaker i n  1959 t h a n  i n  1958,  and even 
somewhat s t r o n g e r ;  i n  1965,  i t  d i d  n o t  exceed  t h e  1964 l e v e l .  
The r e l a t i o n s h i p  i s  s imi la r  f o r  o t h e r  s t a t i o n s .  

D i u r n a l  v a r i a t i o n  o f  a b s o r p t i o n  and she  zen i th - a n g l e  o f  t h e  
sun .  It i s  known from s i n g l e - l a y e r - t h e o r y  t h a t  t h e  ionospherl-c
a b s o r p t i o n  o f  r a d i o  waves L Q ( c o s  The  r e s u l t s  o f  t h e  
radio-wave a b s o r p t i o n  measurements do n o t  conf i rm t h i s  l a w ,  and 
i t  has g e n e r a l l y  been found t h a t  L Q ( cos  x)", where n < 3 / 2 .
Consequent ly ,  most o f  t h e  a b s o r p t i o n  occur s  i n  a r e g i o n  tha t  l i e s  
lower  t h a n  t h e  E- layer  and i s  n o t  s u b j e c t  t o  t h e  s i n g l e - l a y e r
laws. The numer ica l  v a l u e s  o b t a i n e d  by v a r i o u s  a u t h o r s  f o r  t h e  
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F i g u r e  7 .  V a r i a t i o n  of  Monthly Average and 
Annual Average Sunspot-Number Values  (Middle
C u r v e ) ,  V a r i a t i o n  of Annual Average Values  
o f  A b s o r p t i o n  a t  2 . 2  MHz (Upper C u r v e ) ,  and 
S e a s o n a l  V a r i a t i o n  o f  Monthly Median Absorp
t i o n  Values  (Lower Curve) from J a n u a r y  1 9 6 4  
Through J u l y  1 9 6 7 .  

exponent  n vary  w i d e l y ,  a v e r a g i n g  0.5-0.7. We d e t e r m i n e d  t h e  
exponent  from a b s o r p t i o n  data  measured round- the-c lock  on t h e  
R W D ' s  i n  e a c h  month of 1 9 6 4 ,  1965,  and 1 9 6 6 .  F o r  t h i s  p u r p o s e ,  
w e  p l o t t e d  1 + l o g  K as a f u n c t i o n  o f  1 + l o g  cos K ,  where K = 
- I n  p ,  d e t e r m i n i n g  n from t h e  s l o p e s  o f  l i n e s  found by  t h e  
method o f  l e a s t  s q u a r e s  ( T a b l e  3 ,  F i g .  8 ) .  

S e a s o n a l  v a r i a t i o n  of ab_s_orption a n d  cos K .  I t  i s  known 1 1 1 9  
t h a t  t h e  r a d i o  a b s o r p t i o n  measured at  m i d d l e - l a t i t u d e  s t a t i o n s  
a t  a c o n s t a n t  z e n i t h  a n g l e  f l u c t u a t e s  t h r o u g h  a s m a l l  r a n g e  about  
a c e r t a i n  a v e r a g e  l e v e l  d u r i n g  t h e  y e a r ,  e x c e p t  f o r  t h e  w i n t e r  
months,  when t h e  a b s o r p t i o n  anomaly i s  o b s e r v e d  [ll]. We c a l c u 
l a t e d  t h e  a b s o r p t i o n  on t h e  R W D ' s  i n  1 9 6 4  f o r  a z e n i t h  a n g l e  K = 
= 70". It w a s  found t h a t  t h e  a b s o r p t i o n  a t  K = 70" i s  about  
2 0  d B ,  e x c e p t  f o r  J a n u a r y ,  when L = 35 d B .  I n  J a n u a r y  1 9 6 4 ,  t h e  
R W D ' s  c o i n c i d e d  w i t h  t h o s e  o f  anomalous w i n t e r  a b s o r p t i o n .  To 
e s t a b l i s h  t h e  r e l a t i o n  between t h e  s e a s o n a l  v a r i a t i o n  of  absorp
t i o n  and s o l a r  z e n i t h  a n g l e ,  w e  p l o t t e d  1 + l o g  K as a f u n c t i o n  
of 1 + l o g  cos K f o r  e a c h  month i n  1 9 6 4 .  T h e  data for January  
were e x c l u d e d  from t h e  c a l c u l a t i o n ,  and t h e  method o f  l e a s t  
s q u a r e s  w a s  u s e d  to f i n d  t h e  s t r a i g h t  l i n e  y = 0 . 6 1 ~+ 1 ( F i g .  8 ) .  



TABLE 3. VALUES OF THE EXPONENT 
n- FOR ( c o s  x ) n  

Year I 
Three-year 

Month 1I 1964 1 1965 1 1966 laverage 

January 0.79 0.41 0.68 0.63 
February 0.65 0.30 0.19 0.38 
March 0.64 0.57 0.35 0.52 
April 0.92 0.56 0.61) 0.69 
May 0.53 0.60 0.43 0.52 
June 0.56 0.44 0-20 0.40 
July 0.56 0.35 0.31 0.41 
August 0.52 0.55 0.43 0.50 
September 0.71 1.11 0.96 0.93 
October 0.73 1.24 0.60 0.86 
November 0.48 0.24 0.24 0.32 
December 0.59 0.48 0.23 0.43 

0.64 I 0.57 10.4551 0.55 
F i g u r e  8 .  R e l a t i o n  Be
tween S e a s o n a l  Varia
t i o n  of A b s o r p t i o n  and 
t h e  Z e n i t h  Angle o f  The v a l u e  o b t a i n e d  f o r  t h e  ex-
t h e  Sun. 	 p o n e n t ,  n = 0.61 ,  a g r e e s  c l o s e l y  

w i t h  t h e  n = 0 . 6 2  c a l c u l a t e d  
f rom t h e  d i u r n a l  a b s o r p t i o n  /120 

c u r v e s  on t h e  R W D ' s  i n  1 9 6 4 .  The exponent  n shows a s e a s o n a l  
v a r i a t i o n ,  a v e r a g i n g  ( o v e r  t h r e e  y e a r s )  0 . 5 5  ( F i g .  9 ) .  The 
l a rges t  v a l u e s  o f  n a re  o b s e r v e d  i n  t h e  s p r i n g  and autumn, and 
t h e  smallest  i n  summer. The 1 9 6 4  i n c r e a s e  i n  n i s  a s s o c i a t e d  
w i t h  a w i n t e r  a b s o r p t i o n  anomaly, s i n c e  t h e  J a n u a r y  1 9 6 4  R W D ' s  
c o i n c i d e d  w i t h  s eve ra l  days o f  enhanced a b s o r p t i o n .  

To j u d g e  from t h e  d a t a  o f  T a b l e  3 ,  t h e  h e i g h t  o f  t h e  b a s i c  
( n o n d e v i a t i v e )  a b s o r p t i o n  r e g i o n  var ies  o v e r  t h e  c o u r s e  o f  t h e  
y e a r  [13]. The a u t h o r s  of  [13] o b t a i n e d  a h e i g h t  c u r v e  o f  t h e  
exponent  n by a s s i g n i n g  s p e c i f i c  model h e i g h t  d i s t r i b u t i o n s  to 
t h e  r e c o m b i n a t i o n  c o e f f i c i e n t  a i n  t h e  lower  i o n o s p h e r e .  It was 
found t h a t  n = 3/2 for an a b s o r b i n g  l a y e r  above 90 km. The expo
n e n t  n w i l l  d e c r e a s e  w i t h  i n c r e a s i n g  a b s o r b i n g - l a y e r  h e i g h t  and,  
c o n s e q u e n t l y ,  w i t h  i n c r e a s i n g  r e c o m b i n a t i o n  c o e f f i c i e n t  a .  

We compared t h e  data on t h e  h e i g h t  dependence o f  n_ i n  C131 
w i t h  t h e  r e s u l t s  o f  o u r  c a l c u l a t i o n s  ( T a b l e  3 )  and made t e n t a t i v e  
es t imates  of  a b s o r b i n g - r e g i o n  h e i g h t .  We found t h a t  i n  t h e  s p r i n g  
and f a l l ,  when n i n c r e a s e s ,  t h e  a b s o r b i n g  r e g i o n  i s  s i t u a t e d  a t  a /121 
h e i g h t  o f  70-80-km, a n d  t h a t  i n  summer i t  descends  t o  60-70 km. 
During t h e  anomalous a b s o r p t i o n  on t h e  R W D ' s  o f  J a n u a r y  1 9 6 4 ,  fi 
e q u a l l e d  0 .79 .  It can be assumed w i t h  [13] as a base and con
s i d e r i n g  o u r  own data t h a t  t h e  b a s i c  a b s o r p t i o n  d u r i n g  t h e  w i n t e r  
anomaly t a k e s  p l a c e  a t  h e i g h t s  of 70-80 km, i . e .  t h a t  t h e  a b 
s o r b i n g  l a y e r  i s  h i g h e r  a t  t h i s  t ime t h a n  on o r d i n a r y  d a y s .  
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F i g u r e  9 .  S e a s o n a l  V a r i a 
tion of According to 
D a t a  in Tab le  3.  

r	 . . . .  I a 

4 6 8 10 '2' IJ 6 f8 

S h i f t  o f  maximum i n  d i u r n a l  Local time 
-. 

- __ .a b s o r p t i o n  v a r i a t 5 o n .  A s h i f t  o f  F i g u r e  1 0  Isolines o f 

t h e  maxTmum away from loca l  noon K = - In  p f o r  1 9 6 4  a t 

has  been obse rved  on  several  oc- Frequency o f  2 . 2  MHz on 

c a s i o n s  i n  a n a l y s i s  o f  t h e  d i u r - t h e  RWD's.

n a l  a b s o r p t i o n  cu rve  [g]. The ab

s o r p t i o n  maximum u s u a l l y  l a g s  20 

40  minutes  beh ind  noon ( F i g .  10). 

To ana lyze  t h i s  e f f e c t  i n  g r e a t e r  d e t a i l ,  i t  w i l l  be  n e c e s s a r y  t o  

have t h e  d i u r n a l  v a r i a t i o n  f o r  t h e  e n t i r e  month, and n o t  o n l y  f o r  

t h e  t h r e e  RWD's. 


C O N C L U S I O N S  

1. The v a r i a t i o n  o f  t h e  a b s o r p t i o n  f r e q u e n c i e s  w a s  s t u d i e d  
at 2 . 2  MHz a t  noon on each day and round- the-c lock  on t h e  1964
1967 RWD's. 

2.  The e x i s t e n c e  of t h e  w i n t e r  a b s o r p t i o n  anomaly a t  t h e  
l a t i t u d e  of  A l m a - A t a  was conf i rmed.  The w i n t e r  anomaly w a s  most 
pronounced d u r i n g  t h e  y e a r  o f  t h e  s o 1 a r  a c t i v i t y  minimum ( 1 9 6 4 ) .  

2 - The w i d e s t  a b s o r p t i o n  f l u c t u a t i o n s  a r e  observed  i n  w i n t e r .  /122  
The f l u c t u a t i o n  had i t s  smal les t  a n n u a l  ave rage  v a l u e  i n  1965 (as 
compared w i t h  1964 and I-966). 

n4. It w a s  shown that t h e  exponent n i n  t h e  fo rmula  L % cos x , 
as c a l c u l a t e d  f o r  t h e  RWD's, h a s  a s e a s o n a l  v a r i a t i o n  w i t h  m a x i 
m a  i n  t h e  spring and f a l l .  The h y p o t h e s i s  t h a t  t h e  abso rb ing -
r e g i o n  h e i g h t  i s  at  70-80 km i n  the s p r i n g  and f a l l  and descends  
t o  60-70 k m  i n  summer i s  advanced [l3]. Absorp t ion  can be ex
pressed as f o l l o w s  as a f u n c t i o n  of s u n s p o t  numbers for 1965-1967: 
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where a = 0.0026.  

A s h i f t  between L and W i s  n o t e d  d u r i n g  t h e  y e a r s  o f  maximum 
and minimum s o l a r  a c t i v i t y .  A b s o r p t i o n  l a g s  b e h i n d  s o l a r  ac
t i v i t y  by a p p r o x i m a t e l y  a y e a r .  
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V A R I A T I O N S  O F  C O S M I C  RAYS A S S O C I A T E D  W I T H  
C H R O M O S P H E R I C  F L A R E S  ON T H E  SUN 

I.D. Kozin 

ABSTRACT: F e a t u r e s  o f  t h e  cosmic-ray v a r i a 
t i o n s  i n  t h e  r eg ion  of t h e  geomagnetic p o l e  
and a smooth dec rease  i n  t h e  i n t e n s i t y  o f  
cosmic r a y s  as a r e s u l t  o f  i n c r e a s e d  s o l a r  
a c t i v i t y  are  r e p o r t e d .  A 66-day v a r i a t i o n  
o f  t h e  cosmic r ays  was r e g i s t e r e d ,  i n  agree
ment w i th  t h e  maximum frequency and power of  
solar chromospheric f l a r e s .  

The A n t a r c t i c  i n t e r i o r  s t a t i o n  "Vostok" i s  l o c a t e d  i n  t h e  
immediate v i c i n i t y  of  t h e  e a r t h ' s  South Geomagnetic Po le .  

Data on t h e  v a r i a t i o n s  of  cosmic r ays  ob ta ined  a t  t h e  geo
magnetic p o l e  a r e  o f  enormous i n t e r e s t :  they  make i t  p o s s i b l e  
t o  analyze t h e  v a r i a t i o n s  of t h e  s o l a r  cosmic r a y s  du r ing  p e r i o d s
of  r i s i n g  s o l a r  a c t i v i t y .  

The cosmic-ray v a r i a t i o n s  a t  a geomagnetic p o l e  have s i n 
g u l a r  f e a t u r e s .  F i r s t  o f  a l l  t h e  primary r a d i a t i o n  a r r i v i n g  a t  
t h e  p o l e  i s  r i c h  i n  low-energy p a r t i c l e s ,  which are d e f l e c t e d  
from t h e i r  o r i g i n a l  t r a j e c t o r y  by t h e  e a r t h ' s  magnetic f i e l d  to 
f o r m  an obse rvab le  l a t i t u d e  e f f e c t  and compose a s u b s t a n t i a l  
component of  t h e  t o t a l  f l u x .  Cosmic-ray i n t e n s i t y  r eaches  i t s  
maxima a t  t h e  geomagnetic p o l e s ,  and s i n c e  t h e  p r i n c i p a l  sou rce  
g e n e r a t i n g  t h e  low-energy cosmic-ray p ro tons  i s  t h e  s u n ,  t h e  
phenomena of plasma e j e c t i o n  and co rpuscu la r  s t reams from i t s  
s u r f a c e  a r e  most c l e a r l y  i n  evidence a t  t h e  geomagnetic p o l e s .  

I t  i s  known [l] t h a t  t h e  cosmic-ray i n t e n s i t y  dec reases  wi th  
i n c r e a s i n g  s o l a r  a c t i v i t y ,  and t h a t  t h e  magnitude and frequency 
of t h e  Forbush f a l l - o f f s  a t  t h e  s o l a r  a c t i v i t y  minimum a r e  l a r g e s t  
a t  t h e  geomagnetic p o l e s  [ 2 ] .  The yea r  1 9 6 6  i s  regarded  as a 
p e r i o d  of s o l a r - a c t i v i t y  i n c r e a s e  i n  i t s  i n i t i a l  s t a g e .  

Over a seven-month i n t e r v a l ,  t h e  i n t e n s i t y  of  t h e  cosmic-
ray neut ron  component dropped 7-8% (F ig .  1) as a r e s u l t  of t h e  
i n c i p i e n t  s o l a r - a c t i v i t y  i n c r e a s e .  The g e n e r a l  nega t ive  c o r r e l a 
t i o n  t r e n d  i s  beyond q u e s t i o n .  The e f f e c t s  of s o l a r - a c t i v i t y
v a r i a t i o n s  appear  i n  t h e  cosmic-ray v a r i a t i o n s  a f t e r  a l a g  o f  2-3 
days ;  t h i s  i s  f u l l y  c o n s i s t e n t  w i t h  t h e  p ropaga t ion  v e l o c i t y  of  
t h e  s o l a r  co rpuscu la r  s t reams [3]. But how s h a l l  w e  e x p l a i n  t h e  / 1 2 4  
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d e c r e a s e  i n  t h e  r e g i s t e r e d  cosmic-ray background i n t e n s i t y  w i t h  
r i s i n g  s o l a r  a c t i v i t y ?  The  c u r r e n t  view i s  t h a t  t h e  e l e c t r o 
magnet ic  p r o p e r t i e s  o f  t h e  sun -ea r th  space  a re  changed by t h e  
i n c r e a s i n g  so la r -wind  f l u x  as s o l a r  a c t i v i t y  r i s e s ,  w i t h  an i n 
c r e a s e  i n  t h e  r e s i s t a n c e  to p e n e t r a t i o n  o f  g a l a c t i c  cosmic r a y s  
t o  t h e  ea r th .  

F i g u r e  1. 1) R e l a t i v e  d a i l y  ave rage  i n t e n s i t i e s  
o f  cosmic-ray n e u t r o n  component w i t h  c o r r e c t i o n  
6 N / N  i n t r o d u c e d  f o r  t h e  b a r o m e t r i c  e f f e c t ;  2 )  
s o l a r  a c t i v i t y  i n  Wolf numbers W ;  3 )  f requency
and power o f  chromospheric  f l a r e s .  

Cond i t ions  for optimum d e c e l e r a t i o n  o f  t h e  low-energy cosmic-
r a y  component, which y i e l d s  i t s  energy  t o  i o n i z a t i o n  of t h e  lower 
i n o s p h e r e ,  are c r e a t e d  i n  t h e  e a r t h ' s  a tmosphere ,  and t h e  e f f e c t  /125
of lowered r e g i s t e r e d - p a r t i c l e  i n t e n s i t y  i s  enhanced.  T h i s  e f 
f e c t  w i l l  be  c o n s i d e r e d  i n  g r e a t e r  d e t a i l  i n  C4I. 

The o p i n i o n  h a s  been  advanced [5 ]  t h a t  t h e  g e n e r a l  cosmic-
r a d i a t i o n  i n t e n s i t y  background d e c r e a s e s  d u r i n g  t i m e s  o f  i n c r e a s e d  
s o l a r  a c t i v i t y  as a r e s u l t  of i ncomple t e  i n t e n s i t y  r ecove ry  a f t e r  
t h e  Forbush e f f e c t s .  It can be s t a t e d  on t h e  bas i s  o f  "Vostok" 
d a t a  t h a t  t h e  i n t e n s i t y  d e c r e a s e s  smooth ly ,  and t h a t  a l though  i n 
complete  i n t e n s i t y  r ecove ry  i s  observed  a f t e r  Forbush  e f f e c t s ,  i t  
i s  more p robab ly  a r e s u l t  o f  a d d i t i o n  o f  t h e  smooth-decrease and 
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Forbush-ef f e c t  phenomena. I f  t h e  smooth i n t e n s i t y  d e c r e a s e  i s  
e x t r a p o l a t e d  w i t h  a moving ave rage  t o  a Forbush-type d e c r e a s e ,  
e x c l u d i n g  t h e  p e r i o d  o f  t h e  Forbush  d e c r e a s e ,  t h e  e x t e n s i o n  o f  
t h e  e x t r a p o l a t e d  l i n e  c o i n c i d e s  w i t h  t h e  unrecovered  i n t e n s i t y
a f t e r  t h e  Forbush  e f f e c t .  The d iagram g i v e n  i n  t h i s  pape r  i s  
i n t e r e s t i n g  i n  t h a t  t h e  cosmic-ray i n t e n s i t y  h a s  a p e r i o d i c
v a r i a t i o n  w i t h  Forbush  e f f e c t s  a t  t h e  b e g i n n i n g  and end o f  a 66
d a y  p e r i o d .  

Obviously,  t h e  very  s m a l l  volume o f  e x p e r i m e n t a l  mater ia l  
makes it i m p o s s i b l e  t o  exc lude  a n  a c c i d e n t a l  o r i g i n  f o r  t h i s  
v a r i a t i o n .  The a n a l y s i s  w i l l  b e  c o n t i n u e d .  

To a s c e r t a i n  t h e  causes  of  t h i s  anomalous v a r i a t i o n  ( F i g .  l), 
w e  have i n t r o d u c e d  a curve  of t h e  f requency  and power o f  chromo
s p h e r i c  f l a r e s  on t h e  sun .  The d iagram shows c l e a r l y  t h a t  t h e  
f l a r e  maxima d u r i n g  t h i s  t i m e  o c c u r r e d  i n  t h e  same i n t e r v a l s ,  
and t h a t  t h e  most power fu l  f l a r e s  (2f-2b and h i g h e r )  occu r  d u r i n g
t h e  same p e r i o d s .  The l i t e r a t u r e  had as y e t  made no r e f e r e n c e  t o  
r e g i s t r a t i o n  o f  a 66-day cosmic-ray v a r i a t i o n ,  a l though  p e r i o d s  
of 2 1  t o  23  days had been  mentioned more t h a n  once [ 6 ,  7 ,  81.  
The diagram ( F i g .  1) o f  t h e  cliromospheric f l a r e s  and t h e  cosmic-
r a y  neutron-component v a r i a t i o n s  shows no d i s t i n c t  c y c l e  w i t h  a 
22-day p e r i o d ,  b u t  t h e  appearance  of  t h e  66-day v a r i a t i o n  cou ld  
b e  l i n k e d  p r e c i s e l y  d u r i n g  t h i s  t ime w i t h  s u r g e s  i n  t h e  power and 
numbers of chromospheric  f l a r e s  d u r i n g  eve ry  t h i r d  22-day p e r i o d  
of t h e  s u n ' s  r o t a t i o n .  I f  w e  assume t h a t  t h e  power and numbers 
o f  chromospheric  f l a r e s  i n c r e a s e  every  6 6  days and t h a t  t h e  s u n ' s  
p e r i o d  o f  r o t a t i o n  d u r i n g  t h i s  t i m e  was approximate ly  2 2  d.ays, we 
might e x p e c t  22-day cosmic-ray v a r i a t i o n s  w i t h  extreme v a l u e s  oc
c u r r i n g  every  t h i r d  p e r i o d .  I f ,  on t h e  o t h e r  hand,  t h e  s u n ' s  
p e r i o d  o f  r o t a t i o n  i s  27 d a y s ,  t h e r e  w i l l  be d e p a r t u r e s  from t h e  
66-day v a r i a t i o n .  A t  t h i s  t i m e ,  w e  obse rve  a 66-day v a r i a t i o n  o f  1 1 2 6  
t h e  cosmic r a y s  and t h e  same sequence o f  ch romospher i c - f l a r e  
maxima. 

CONCLUSIONS 


1. The geomagnet ic  p o l e  i s  a conven ien t  s t a t i o n  f o r  observa
t i o n s  o f  s o l a r  cosmic r ay  v a r i a t i o n s .  

2 .  A 66-day v a r i a t i o n  of t h e  cosmic r a y s  has been  d e t e c t e d ;  
i t  r e q u i r e s  c o n f i r m a t i o n  and improvement on t h e  basis  o f  l a r g e r  
amounts o f  s t a t i s t i c a l  mater ia l .  

3. A d i s t i n c t  Forbush  d e c r e a s e  i n  t h e  i n t e n s i t y  of  cosmic 
r a y s  i s  observed  a t  t h e  geomagnet ic  p o l e  w i t h  i n c r e a s i n g  number 
and power o f  t h e  s o l a r  chromospheric  f la res .  
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